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Steel and Iron in the U. S. S. R. 


The trends and experiments in making pig iron and steel 
in the U. S. S. R. will bear careful watching, says Mr. Case. 
He points out some interesting and significant developments 
which have been in progress in the last 10 years. 


Electrol ytic Polishing 


The relative merits of electrolytic and mechanical polish- 
ing of steel specimens for metallographic examination are 
discussed by authorities in this field. The electrolytic 
method is applicable to both carbon, alloy, and stainless 
steels, and when properly carried out assures polishing of 


a high order. 


Metallography of Stainless Steels 


The series of articles on the practical metallography of 
the stainless steels by Mr. Watkins is concluded in this 
issue. The reaction to this presentation has been highly 
satisfactory. 


Tin Coatings on Steel 


Some very interesting and beautiful photomicrographs 
of cross sections of light tin coatings on steel are presented 
by Messrs. Romig and Rowland. It is believed that many of 
these have not been shown previously in the literature. 
The general subject of the metallography of tin coatings 
is discussed. 


Hydrogen in Steel and Cast Iron 


The pressure of hydrogen in steel or cast iron has cer- 
tain definite effects on the vitreous enameled coatings on 
these materials. Many phases of this interesting subject 
are discussed by Messrs. Zapife and Sims in this, the first 
installment of a ful treatment of the subject. 


Age-Hardenable Hardfacing Alloys 


_ Surface hardnesses of 65-67 Rockwell C are attainable 
in certain “low-carbon” cobalt-iron hardfacing alloys, con- 
taining beryllium and molybdenum, through an age-harden- 
ing treatment, reports Ehlers (page 494). 
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Desul phurizing European Pig lron 


European methods for desulphurizing pig iron are re 
viewed by Evans (page 468). The use of sodium car- 
bonate is evidently widespread, particularly in Germany 
and England. A British trend is noted toward the appli- 
cation of soda ash desulphurizing to acid as well as basic 
irons. 


Air-Conditioned Bessemers 


One of the aims of blowing dried air through basic 
Bessemer converters—now being investigated in Germany 
by Eilender and Veit (page 490)—is to cut down the 
amount of hydrogen absorbed by the molten metal and 
give a sounder steel. Other advantages cited are the 
permissible use of larger scrap additions and of lower 
phosphorus pig 


W elding-Electrode Coatings 


Some of the things arc welding fluxes are expected to 
accomplish and their actual utility for manual and auto- 
matic welding are reviewed in a composite digest on 
page 476. 


Induction Stress-Relieving Preferre d 


According to Ronay (page 484) induction heating is 
preferable to indirect heating in an atmosphere furnace 
and to direct-resistance heating for stress relief of welded 
naval piping. 


Indium Plating 


With indium-plated bearings getting a lot of industrial 
attention, it’s timely to have a description by Linford of 
indium sulphate plating baths using a combination of 
soluble and insolube anodes to keep pH within optimum 
limits, and by Dyer of the conventional cyanide bath 
all in a “composite” on page 486. 


Metals in the Cold, Cold Air 


The effect of low temperatures on the properties of sev- 
eral aircraft metals is investigated by Rosenberg (page 494). 
The austenitic stainless steels and nickel-base alloys are 
shown to be stratospherically ideal. 
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OPEN HEARTH ALLOY STEELS: 


BARS — Hot Rolled, Annealed or Normalized, Spheroid- 
ized Annealed, Heat-Treated, Cold Drawn, Straight- 


ened, Turned, Centerless Ground. 


ELECTRIC FURNACE ALLOY STEELS: 


BLOOMS, BILLETS, BARS — Hot Rolled, Annealed or Nor- 
malized, Spheroidized Annealed, Heat-Treated, Cold 
Drawn, Straightened, Turned, Centerless Ground. 





S.A.E. ALLOY BILLETS AND BARS; OXIDATION AND CORROSION 
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Substitutes 


This is one of those topics in which the de- 
tailed situation may change before comment can be 
printed. Nevertheless, certain generalities seem cer- 
tain. Some change will come about in the use of 
metallurgical raw materials as a result of official 
urging to use substitutes, and the establishment of 
definite priorities on some metals of which there 
is possibility of temporary shortage. 

As this is written, aluminum, magnesium, zinc, 
tungsten and nickel are on the list of materials that 
are restricted, either by official action or by the 
condition of the market, from industrial non-defense 
uses. Oddly enough, of these, only tungsten is 
normally carried on the “‘strategic’’ list. Of all 
these, there is, either here or in Canada, ample ore 
(though much of the domestic bauxite and some of 
the tungsten are low grade, usable only after ex- 
pensive purification), and there is complete technical 
knowledge available on the reduction of the metals. 
It is straight engineering to expand mining and 
refining. Yet even these old stand-bys need to be 
conserved, and substitutes utilized. 

In view of the availability and suitability of 
molybdenum for high speed tools, tungsten is prob- 
ably the least of the worries. Aluminum for pots 
and pans is scarce, but the housewife can generally 
fall back on her reserve supply of dented ones so 
that the scarcity will fall hardest on the newly-weds. 
Perhaps showers of old, reconditioned aluminum ware 
will become fashionable. 

The suggested substitution of plastics for aluminum 
washing machine agitators, for magnesium housings 
for vacuum cleaners, and for decorative zinc base 
die castings in automobiles is extremely interesting. 
And when the excess capacity for aluminum, mag- 
nesium and zinc is released, and these come back 
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into competition with plastics, the struggle will be 
even more interesting. Some commentators “‘fear’’ 
that permanent replacement of metals will occur, 
but they might better be pleased at the prospect of 
actual experience in the use of a variety of mate- 
rials from which all the raw materials will the more 
rapidly shake down into their own “supremacy 
areas.” If a plastic is a more satisfactory material 
for a given use, and if the present situation leads 
to such a cheapening of plastics that they can dis- 
place metals, those matters are all right. Such use 
should go far to make more apparent how real the 
alleged need for ductility and toughness is in many 
parts where toughness is now demanded. Plastics, in 
spite of their name, are pretty brittle at the tem- 
perature of use. Where plastics serve, brittle alloys 
may sometimes serve equally well and limitations in 
the use of many cheap, corrosion-resistant, but rather 
brittle alloys may be removed through such experi- 
ence. 

Substitution for galvanized steel could have inter- 
esting angles. A paraffined paper bucket used as a 
garbage can and carted away with its contents 
might be as acceptable as the regulation galvanized 
can. 

The present situation as to nickel is the first thing 
in which we have had to face the problem that has 
long confronted Germany, of finding substitutes for 
nickel steels and nickel cast irons. Scores of German 
articles have been written to show that nickel steels, 
on the basis of a few standard laboratory tests, are 
replaceable. Indeed, the over-all impression one gets 
from the plethora of anti-nickel Nazi articles is 
that “the lady doth protest too much.” If nickel 
steels are so firmly entrenched as to need so much 
argument over their replaceability, they are quite 
evidently very good stuff. Such matters as the con- 
venience of their lower heat-treating temperatures 
are not brought into the German discussions. While 
it is correct that the finished part may often be as 
serviceable when made of a competing steel, and 
this competition may bring about some degree of 
permanent replacement, it seems likely that when 
nickel is again widely available, it will again regain 
most of its standing as an alloying element for 
steel. In cast iron, the shortage of nickel may bring 
about more in the line of permanent replacement, 
since more knowledge about late additions of silicon, 
or of various proprietary silicon-containing alloys, 
and about the use of copper instead of nickel, might 
result in a swing away from nickel for making 
ordinary high test iron and put it more in the po- 
sition of a material to be reserved for addition to 
nickel-free high test iron when it is necessary to 
produce a super-iron. 

The thoughts of Government authorities seem 
hitherto to have been confined to stock-piling and 


to the problems of utilization of low grade domestic 
(Continued on page 448) 
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Tests Give Conclusive Proof- 
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_ Steels Treated in Drycolene 
Show NO DECARB 


ERE are the results of three separate tests for 
decarburization on SAE 1090 and SAE 52100 
steels that were heat-treated in a drycolene protective 
atmosphere. All three—weight-change measurements, 
Rockwell hardness comparisons, and photomicro- 
graphs—lead to the same conclusion. Even fussy steels 
won’t decarburize during heat treatment if drycolene 
is used as the protective atmosphere. 


What Is Drycolene? 


Drycolene is a balanced blend of gases, prin- 
cipally CO and N, with some Hb, for use as a protec- 
tive atmosphere in heat-treating furnaces. It contains 
no oxygen, moisture, or carbon dioxide—the principal 
decarburizing agents. Hence, no decarburizing reaction 
can take place between the atmosphere and the steel. 
Parts treated in drycolene are clean, bright, and hard 
right to the surface. There is no softening or other 
surface deterioration requiring expensive machining 
operations for removal. 


Where You Can Use Drycolene 


Because high-carbon steel parts treated in dry- 
colene are free of scale, as well as decarburization, it 
is an ideal atmosphere for scale-free hardening, bright- 
annealing, and copper-brazing furnaces. 


A new publication, 
GEA-3525, gives complete 
information about dryco- 
lene and about equipment 
for producing it. Ask our 
local office for a copy. 
General Electric Company, 
Schenectady, N. Y. 


Complete self-contained 
unit produces drycolene 
at low cost 


This G-E drycolene pro- 
ducer, rated 750 cfh, will 
dependably supply dryco- 
lene at a cost of from 16 to 
57 cents per thousand 
cubic feet, d ding on 
local prices raw mate- 
rials. This equipment will 
process either city as, 
natural gas, or propane. 
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TRENDS AND EXPERIMENTS IN 


Making Steel in the U.S. S. R. 


A CORRELATED ABSTRACT 


hy S$. L. CASE 


Vetallurgist, Research and Development Division, Jones & 
Laughlin Steel Corp., Pittsburgh. 


The author has reviewed in this article the high- 
ohts of research in iron and steel during the last 
O yrs. in the U.S. S. R. He says that research in 
at country, although it displays impetuosity and a 
rtain degree of exhibitionism, will bear watching. 
Mr. Case discusses both blast furnaces and open- 
arth developments. Of interest to blast furnace 
en is the use of “ferrocoke’’ and the addition of 
eam to the blast. Open-hearth operators will read 
vith interest the references to petrographic slag con- 
rol, effect of the thickness of the mold, and so on. 
The Editors 


force behind many of the articles appearing in 

various technical publications of the U. S. S. R. 
may be had if one bears in mind that the upper 
right corner of the front page in every issue is 
reserved for the clarion call: ‘‘Proletarii vsiekh stran, 
soedinyaites!’’ or literally ‘‘Proletarians of all lands, 
unite!” An editorial quoting excerpts from Roose- 
velt’s third inaugural address might seem somewhat 
out of place in a publication like METALS AND AL- 
LoYs, but its Russian contemporaries Stal and Metal- 
lurg quote Stalin oftener than they refer to Gibbs’ 
Phase Rule. 

While the propaganda angle of many U. S. S. R. 
technical articles cannot be lightly dismissed, it 
should be borne in mind that since the State is the 


crc ves UNDERSTANDING of the driving 


APRIL, 1941 





sole owner of industry and employer of labor, re- 
search, while not always original, is often carried 
on on a truly grandiose scale, not being hampered by 
economic barriers. 


Largest Furnaces in the World 


As a general statement, the most important prob- 
lem facing the industry in the U. S. S. R. has been an 
increase in productivity of the existing plants and 
design of new and larger plants. It is pointed out 
with pride in technical publications that the largest 
blast furnaces in the world, with a capacity in excess 
of 1300 tons daily, and the largest open-hearths in 
the world, with a capacity of 400 tons, are in opera- 
tion in the U. S. S. R. As one of the steps to in- 
crease the productivity of the existing blast furnace 
plants, oxygen enrichment is being experimented with 
on a fairly large scale. With this end in view a pilot 
blast furnace has been constructed at the Dniepropet- 
rovsk Steel Works! for experimentation with en- 
riched blast under controlled conditions. 


Ferrocoke 


As another development tending to increase pro- 
duction of blast furnaces at the Stalin Metallurgical 
Works?, so-called “ferrocoke” was tried on a large 
scale in the manufacture of iron. Ferrocoke is the 
product of an admixture of 10 per cent flue dust to 
the coal charge in coke ovens. It is reported that 
400,000 tons of ferrocoke were thus prepared with- 
out introducing any technological difficulties in the 
operation of the coke ovens, and that the physical 
quality of the ferrocoke was found to be satisfactory 
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Pouring a heat of spe cial composition steel from an O pe n-hearth furnace into large ingot molds at the plant of 
the American Rolling Mill Co., Middletown, Ohio. 
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tor smooth blast furnace operation. One blast fur- 
nace was operated on a 100 per cent substitution of 
ferrocoke for regular coke, and after a 15-month 
trial it was claimed that the production capacity of 
the furnace increased 3.2 per cent, consumption of 
ferrocoke was 17 per cent lower than that of ordinary 
coke, and the manufacturing cost of the pig iron de- 
creased 5.6 per cent. 

V. Koloskov® describes a method for regulation of 
blast furnace operation by means of an automatic 
flue dust sampling apparatus, which furnishes a con 
tinuous record of the flue dust content in blast fur 
nace gas in grams per liter. By means of a n mograph 
plotted from observational data it was found pos 
sible to vary the coke ratio, pressure, and tempera 
ture of blast with the result that the yield of iron 
increased, silicons were more uniform, and ‘'‘scaf- 
foldings” were eliminated. F. Chilkevich* arrives at 
the same conclusion on the basis of extended tests. 
Prof. K. V. Messerle® discusses the application of gas 
analysis to control of blast furnace operations and 
points out the uncertainties of such control. 


Steam Added to the Blast 


While the use of dry blast is occupying the at 
ntion of American blast furnace men, Russian con 
mporaries venture in the opposite direction. A. 
‘yedko® describes the operation of a blast furnace 

n blast containing 5 per cent steam. The steam was 

imixed with the air under the checkers of the hot 
oves and the temperature of the blast was slightly 

creased. The experiment resulted in an increase 
daily production of 12.6 per cent (average daily 
roduction with air blast 988 tons of iron; average 
laily production on steam and air, 1113 tons). This 
ractice is still in use at the Kuznetsk Works. 

Y. Smolyanitski’ reports on the use of blast fur- 
ace flue dust in refining pig iron. The flue dust 
s added directly into the runner during the casting 
f the iron. A 4 per cent addition of flue dust 
has shown to increase the pig iron yield 2.5 per 
ent and to reduce very appreciably the silicon, man- 
zanese, carbon, and sulphur contents of the iron. 
The preliminary refining of the iron was found to 
increase the production of the open-hearths approxi- 
mately 15 per cent. It is claimed that the addition of 


the flue dust does not lower the temperature of the 
1ron., 


Increasing Open-Hearth Output 


Considerable efforts have been devoted by U. S. S. 
R. workers to the problem of increasing open- 
hearth production and in line with this objective the 
rate of carbon elimination has received particular 
attention. P, Ivanov and R. Katzen* have made a 
Statistical study of 939 heats from three different 
steel works with furnace capacities ranging from 120 
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tons to 400 tons and a depth of bath from 36 in. 
to 68 in. It was found that for each type of fur 
CaO 
nace a definite ratio of gave the highest rate 
SiO, 
of carbon elimination, but this critical ratio appar 
ently depended on the depth of bath. For the 
smallest furnace the most favorable ratio was 2.5 
and for the largest it was 1.9. 

The same study indicated that the thermal ca- 
pacity of the open-hearth furnace is intimately as 
sociated with the rate of carbon drop. It was shown 
that a 30 per cent boost in heat input increased the 


I 
rate of carbon elimination nearly five-fold. K. | 


Fedorov’ and S. Levin'® made a study of the in 
fluence of the rate of carbon drop on steel quality. 
The same subject, as well as a study of conditions 
controlling the relation of rate of carbon drop and 
oxygen content of the steel, was investigated by H. 
Dobrokhotov''. The various investigators agreed that 
a very appreciable increase in rate of carbon elimina 
tion may be attained without adverse effect on steel 
quality. The so-called Stakhanov method of speed 
ing up the open-hearth steel making was based on 
these studies and is now in general use in U.S. S. R 


as shown by a series of articles on this subject 


Petrographic Slag Control 


In an approach somewhat similar to that used by E. 
C. Smith!?, in the United States, P. Umrikhin 
and V. Lapin'* propose a petrographic slag control 
method for the open-hearth. The authors claim that, 
with their method, a thin section of the slag sam- 
ple may be prepared in 15 min. and the petro- 
graphic identification of the slag may be made in 5 
to 10 min. The examination may be facilitated 
by preparing instead a finely powdered slag sample 
immersed in a liquid of known refractive index. 
Slag tests are to be taken at four different periods 
of the refining stage with the idea of controlling the 
quantity of either lime or bauxite additions required 
to give the most satisfactory type of slags. 

A rapid method for estimation of the degree of 
oxidation of the bath is proposed by V. Zamoruev.'* 
A small number of cast iron cups with a capacity of 
750 grams of steel each are placed next to the fur- 
nace. An 0.05 gram of aluminum is placed in the 
first cup; 0.1 ‘gram, 0.2 gram, 0.3 gram, etc. are 
placed in the consecutive cups. These cups, kept 
at the same temperature, are filled with molten metal 
from a spoon. Generally the metal is killed in some 
of the cups and not in others, so that a workable 
indication of the degree of oxidation of the bath is 
thus obtained. From a number of such tests em- 
pirical graphs have been worked out and have proved 
useful for routine open-hearth control. 

Another investigator, A. Samarin’®, describes a 
method for gas analysis on bath samples taken at 

















various stages of the refining period. The method 
is similar to the one described by Hare, Peterson, 
and Soler?* in the United States. One end of a steel 
pipette previously evacuated is immersed in a spoon- 
ful of molten metal. Gases liberated during freez- 
ing of the metal sample trapped in the pipette are 
removed through a suitable valve to a gas analyzer. 
It is claimed by Samarin that a bath test may be com- 
pleted in less than 20 min. and that the results 
are fairly reproducible. 


Preliminary Refining in Large Furnace 

In line with the “Stakhanov” or speed-up trends 
in steel making N. Dobrokhotov'’, a member of 
Leningrad Academy of Sciences, gives constructional 
details of a method for steel making in which the 
preliminary refining is carried out in a continuous 
oxidizing furnace of large capacity (1440 to 2880 
tons per day). Approximately 125 tons of iron 
are charged into this furnace every 1 or 2 hrs.; 
ore, limestone, and bauxite preheated to 2200 deg. 
F. enter the oxidizing furnace in a continuous stream 


from a rotating cylindrical furnace. This furnace, 
somewhat similar in design to a Brackelsberg furnace 
of large capacity, is heated by the combustion prod- 
ucts of the oxidizing furnace. From the oxidizing 
furnace the semi-finished metal is passed through a 
runner into a refining furnace located at a lower level. 


Effect of Mold Thickness 


An interesting study of the influence of mold 
thickness on rate of solidification of ingots was 
made by I. Granat'®. Ingots were cast in round 
eccentric molds in which the wall thickness ranged 
from a low of 3.2 in. to a high of 9.6 in.; the 
diameter of the mold was 26 in. and the height 
92 in. By means of inserted thermocouples, tempera- 
ture measurements were made of the solidifying 
ingot at certain distances from the thinnest as well 
as from the thickest section of the mold wall. The 
solidified ingots were split longitudinally for struc- 
tural examination. 

One of the conclusions of this study was to the 
effect that, while a thicker mold wall assists the 


Inland Steel Co.’s new 1,000-ton per day blast furnace lighted about two years ago. (Courtesy: Inland Steel Co.) 
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lhe Bethlehem Steel Co. recently tapped the first heat from this new 190-ton open-hearth furnace. It was 
uilt in less than three months after construction was commenced. It is the largest of its type at the company’s 
Bethlehem, Pa. plant. (Courtesy: Bethlehem Steel Co.) 


ormation of a thicker skin zone on the ingot in 
he first stages of freezing, it retards the further 
stages of solidification. This phenomenon is ex- 
lained by the fact that, at a certain critical mold wall 
hickness, the balance between quantity of heat 
bstracted from ingot by mold wall and the heat trans- 
mitted by radiation and convection from mold to 
atmosphere shift in favor of the thinner wall. As 
a practical conclusion from this study it was recom- 
mended that, contrary to generally accepted practice, 
wall thickness should be greatest at the top of the 
mold and that mold taper should be held to an 
absolute minimum necessary for stripping. 


It was 
suggested that a definite advantage may accrue from 
the use of thinner mold walls for many applications. 


This abstract of necessity has touched only the 
highlights of iron and steel research carried on in 
U. S. S. R. during the past decade. Compared with 
that of continental Europe, England, and the United 
States, Russian research seems to display more im- 
petuosity and a certain degree of exhibitionism; how- 
ever, the fact that immediate economic considera- 
tions are no barrier to long term research may prove 
to have an important bearing on the future status 
of technical developments in the U. S. S. R. and 
these will bear watching. 
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Polishins steel P cimens for mucrosi Opic eXxXdil- 
nation is always a difficult as well as a painstaking 
task—the polishing must be of a high order to assure 
efiicient examination. The mechanical method is the 
one most generally used. But the authors of this 
authoritative article not only describe an electrolytic 
method and how to use it, but also state that speci- 
mens of low carbon or low alloy steels can be pol- 
ished electrolytically with a degree of perfection com- 
parable to that obtainable by com pe Lent mechanical 
bpolishing. They also assert that ferritic and aus- 
tenitic stainless alloys can be polished electrolytically 
with a depres Oo} perfection difficult fo attain Me- 


chanically. The Editoy ,, 


HE METHOD OF ELECTROLYTIC POLISHING origi- 
inated by Jacquet and Rocquet! and later discussed 
by Pellissier, Markus and Mehl’, has been tested 
on a considerable number of plain carbon, low alloy 
and stainless steels, and the results compared with 
those obtained by the mechanical polishing procedure 
we have been using. This consists of grinding on a 
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Electrolytic Polishing 


RAHRER and J. R. VILELLA 


series of three lead laps using natural emery as abra- 
sive and finishing with levigated alumina on a 
special grade of cloth; the emery powders used are 
grades Nos. 302, 30314, and 305 purchased from 
the American Optical Co. The mechanical method 
in skillful hands yields a polished surface of a high 
order of flatness with comparatively small distortion 
of the surface metal and with excellent preservation 
of the non-metallic inclusions. In some respects the 
electrolytic method compares very favorably with 
the mechanical method and in other respects it is 
inferior; indeed the methods supplement each other 
and therefore both should be available in the metal- 
lographic laboratory. Our experience leads us to the 
following general conclusions: 


General Conclusions 


1. Specimens of plain carbon or low alloy steel, in 
tended primarily for examination of their microstructure 
can be polished electrolytically with a degree of perfection 
comparable to that obtained by competent mechanical polish 
ing. Polished surfaces practically free from distortion of 
the surface metal, free from scratches and sufficiently flat 
and smooth for examination at all magnifications are ob 
tainable. A variety of steels, ranging in carbon content 
trom a trace to 1.80 percent, composing practically all the 
microstructures common to these steels, were electro- 
polished satisfactorily. 

2. Electrolytically polished surfaces may exhibit certain 
defects, of which the most frequent are: (a) an undulat- 
ing, rather than a plane, surface, (2) high relief of the 
carbide particles, particularly when they are coarse, as 
in spheroidized structures, and (c) attack on the non- 
metallic inclusions. The waviness of the polished sur- 
face and the relief effect of the carbide particles, if kept 
to a minimum, do not interfere seriously with the prope: 
development of the structure by etching, or with its micro- 
scopic examination; but the attack on the non-metallic 
inclusions is excessive, particularly in low carbon steels, 
and makes the metal appear considerably “dirtier” than it 
actually is. In this respect the electrolytic method yields 
results inferior to competent mechanical polishing. 

3. No time or effort is saved during the grinding part 
of the polishing procedure because to obtain optimum re- 
sults by the electrolytic method the specimen must be 
ground to the same fineness as for mechanical polishing. 
In general, the finer the grinding, the shorter the time 
needed to produce a satisfactory polish, the less the wavi- 
ness and relief effect, and the less the attack on the non- 
metallic inclusions. Time can be saved in imparting the 
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of Steel Specimens 


final polish when (a) the specimens are unusually large, 
(b) when an excessive amount of disturbed metal is pro- 
duced during the grinding part of the process, and (c) 
when the operator is unskilled at mechanical polishing. 
In mechanical polishing, the length of time required to 
impart the final polish increases rapidly with the size of 
the specimen, but in eiectropolishing size makes no dif- 
ference, provided that the necessary current density can be 
obtained. In mechanical polishing it is often necessary to 
repolish, re-etch and examine the structure microscopically 
several times in order to be certain that all traces of dis- 
turbed metal have been eliminated: this often consumes 
considerable time. In electrolytic polishing, on the other 
hand, it is often possible to dissolve all disturbed metal by 
a single treatment. The time required to finish a specimen 
correctly by mechanical means depends to a great extent 
on the skill of the operator, but in electropolishing the 
skill of the operator is a less important time-saving factor, 
since he only has to calculate the current needed to pro- 
duce the required current density, adjust the circuit, and 
agitate the electrolyte while the specimen is in it. The 
time generally consumed to polish electrolytically after 
the specimen has been ground to the required fineness is 
ipproximately 10 minutes. A skillful operator can finish 
a specimen of average size mechanically in shorter time. 

4. It has been reported’ that the electrolyte (a solution 
of perchloric acid and acetic anhydride) is violently ex- 
plosive and must, therefore, be handled with extreme care 
at all times. Contamination with alcohol and other or- 
ganic substances is particularly to be avoided. Before any- 
one attempts to prepare or use these reagents, we strongly 
recommend that he read the appendix which is a repro- 
duction of the foregoing reference. 

5. Specimens mounted in bakelite cannot be electro- 
polished because the electrolyte attacks the bakelite and 
causes severe staining. In view of the reported explosive- 
ness of the solution it is prudent not to attempt to electro- 
polish any specimen mounted in an organic molding ma- 
terial. The copper strips often used to separate a group 
of specimens mounted in a steel clamp also cause stain- 
ing, but specimens mounted in steel clamps without copper 
strips can be electro-polished using a current calculated on 
the sum of the area of each specimen plus that of the clamp. 

6. Ferritic and austenitic stainless alloys can be polished 
electrolytically with a degree of perfection that is difficult 
to attain by mechanical means. For these alloys the elec- 
trolytic method appears to be a decided improvement over 
mechanical polishing, and its adoption for the preparation 
of stainless specimens is strongly recommended. It con- 
stitutes an effective means of eliminating the film of dis- 
torted metal produced by grinding, but it tends to leave 
the non-metallic inclusions in relief, thus exaggerating their 
size and imparting to the steel an unwarranted “‘dirty’’ ap- 
pearance. This condition can be corrected to a considerable 
extent by repolishing mechanically. 

7. Complete elimination of all traces of disturbed metal 
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Fig. 2. Rimmed steel: 0.03 per cent C. (A) polished 

electrolytically, (B) polished mechanically, Note at- 

tack on the inclusion by the electrolytic polish. 
Etched with 2 per cent nital. 150X. 


is seldom effected by one electrolytic attack of 5 minutes 
duration; specimens which have been ground on emery or 
carborundum paper generally require two or three repolish- 
ings (electrolytic) and re-etching for total elimination of 
all traces of disturbed surface metal. 


Description of Method 


The wiring diagram for the electrolytic polishing 
apparatus is given in Fig. 1. The electrolyte for 
polishing plain carbon and low alloy steels is pre- 
pared as follows: Place a beaker containing 185 cc 
of perchloric acid (sp. gr. 1.61) inside of a larger 
receptacle containing cracked ice, or through which 
cold water is circulating, and add gradually 765 cc 

















Fig. 3. A steel containing 0.39 C, 0.73 per cent Mn 

polished electrolytically: (A) unetched, 150X; (B) 

etched with 4 per cent picral, 1000X. Note in (A) 

the attack on the inclusions and the etched appear- 

ance resulting from relief polishing. Note in (B) 
the clear definition of the structure. 


pure acetic anhydride and then 50 cc distilled water. 
Allow the solution to rest at room temperature for at 
least 24 hrs. before using. The solution for polishing 
stainless steel is prepared similarly but contains 335 
cc perchloric acid, 665 cc acetic anhydride and nu 
water. According to the originators of the method 
it is advantageous to dissolve 0.5 per cent of alumi- 
num, by anodic attack, in the solution for plain car- 
bon steels. This is reported to increase the viscosity 
of the electrolyte, permitting more vigorous agitation 
and the use of a smaller current density. Neither 
electrolyte appears to deteriorate on standing, but 





both lose potency with use. When it is observed that 
they are becoming weaker, their original efficiency 
can be restored by the addition of 1 per cent by 
volume of water. 

The specimen to be polished constitutes the anode 
of the cell. It should be free from all traces of 
grease or oil, and any scale present should be ground 
off before it is placed in the electrolyte. 

The cathode can be a sheet of either aluminum, 
low carbon steel or stainless steel. No effect on the 
quality of the final polish was observed when the 
area of the cathode was varied between 10 and 30 
times that of the specimen. Likewise, its position 
with respect to the specimen, whether above, below 
or to one side, does not seem to influence the final 
result. A distance of 3/4, to 1 in, between specimen 
and cathode was found satisfactory. 

Proper adjustment of the current density is the 
factor which, more than any other, is likely to affect 
the quality of the result. For plain carbon and low 
alloy steels a current density of 5 amp. per sq. deci- 
meter of total anode surface (approximately 0.3 amp. 
per sq. in.) is best. If the current density is too low 
the specimen is likely to be etched deeply and the 
grinding scratches not removed; if too high, pitting 
may occur. For stainless steel a minimum current 
density of 7 amp. per sq. decimeter (approximately 
0.45 amp. per sq. in.) should be used; these alloys 
do not require as careful regulation of the current 
density as the plain carbon steels, but nothing is 
gained by using higher current density. The required 
current for a given specimen is based upon the total 
immersed area; in the case of a group of thin sheets 
assembled as a single specimen in a clamp, this total 
immersed area comprises both the full immersed area 
of each sheet (both sides) and that of the clamp 
in addition. 

With the current density recommended above, the 
time required for a satisfactory polish decreases with 
the fineness of the grinding scratches present on the 
specimen. In plain carbon and low alloy steels the 
scratches produced by 500 mesh grit or 000 emery 
paper can be removed in approximately 5 minutes. 
Stainless steels similarly ground can be electro- 
polished free from scratches in 4 minutes, but an 
attack of this duration is seldom sufficient to remove 
all traces of disturbed metal. Several similar attacks 
are often needed to accomplish the desired result. 

The waviness of the finished surface observed 
frequently in electro-polished specimens can be mini- 
mized greatly by constantly agitating the electrolyte. 
This may be done either by moving the specimen, 
by stirring the solution with a rod or other convenient 
means, or by bubbling air through the solution. 
Experience has shown that minimum waviness occurs 
when the stirring is rapid and causes irregular move- 
ment of the electrolyte in immediate contact with 
the specimen. 
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The sequence of steps in electro-polishing is as 
follows: After the scale on the sides has been ground 
off the specimen is ground down to a grit of 500 
mesh or finer and all traces of grease removed. Its 
area is then measured and the current needed to 
produce the required density calculated. It is then 
connected to the positive wire (an ordinary battery 
clamp seems to be adequate) and inserted in the 
electrolyte, which must be agitated and not permitted 
to rise in temperature above 85 deg. F. (30° C.) at 
any time. As the sample is placed in the electrolyte 
the current is adjusted to the calculated density by 
means of the rheostat. During the first 20 seconds 
the current tends to fall and the voltage to rise, this 
change coinciding with the formation of a reddish- 
brown deposit on the specimen ; while this is taking 
place the current is adjusted to maintain the cal- 
culated density. For the remainder of the attack the 
current remains constant. When the attack has been 
completed the specimen is washed free of any deposit 
and dried; it is then ready for etching. 


Discussion of Results 


Figs. 2A and 2B show respectively the structure 
f a low carbon steel polished electrolytically and 
mechanically. The photomicrograph in each case was 
onsidered to be representative of the entire polished 
urface. Observe that while both structures are 
qually free from disturbed metal and scratches, the 
lectrolytic method, by attacking the non-metallic 
nclusions, has greatly exaggerated the apparent 
dirtiness” of the steel. Since this is a common 
ccurrence in electro-polished specimens, it is evi- 
lent that the use of this technique for rating the 
nclusion content of steel is to be avoided. 

Figs. 3A and 3B were obtained from the same 
pecimen of normalized medium carbon steel. Fig. 

A illustrates once again the attack on the inclusions 
nd the amount of etching effect normally present 
in an electro-polished specimen. The etched appear- 
ince is due to relief polishing; in pearlitic steels this 
relief effect is seldom objectionable because it is not 
excessive, but in structures made up of coarser carbide 
particles the difference in level between the carbide 
particles and the ferrite matrix frequently exceeds 
the depth of focus of intermediate and high power 
objectives and thus interferes seriously with micro- 
scopic examination and photomicrography. Fig. 3B 
is an illustration of the clear definition of structure 
obtainable by electropolishing and subsequent etch- 
ing with proper technique. 

Specimens whose structures were martensite, tem- 
pered martensite or bainite were also polished electro- 
lytically with results comparable to those obtained 
by skilled mechanical polishing. The technique was 
also found applicable to case carburized specimens. 

Our early experiments with electrolytic polishing 
tended to indicate that the optimum current density 
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Fig. 4. A 1.80 per cent C steel, quenched in brine 
from 2000 deg. F.: polished electrolytically. Structure 
consists of an austenite matrix with carbide at the 
grain boundaries and some martensite needles. Etched 
with 4 per cent picral—(A) at 200X; (B) at 2000X. 


differs for steels of different carbon and alloy con- 
tents. While for optimum results this is probably 
true, it is entirely feasible to polish satisfactorily a 
wide range of plain carbon and low alloy steels using 
the same current density. Figs. 4A and 4B illustrate 
respectively the structure of a 1.80 per cent C steel 
at low and high magnification, which was polished 
with the same current density used for the low and 
medium carbon steels shown in Figs. 2A, 3A and 
3B. The structure in this case consists of an aus- 
tenitic ground mass and a few needles of martensite. 

The technique for polishing stainless steels recom- 
mended by the originators of the method was tested 
on ferritic iron-chromium alloys containing 12, 17 
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Fig. 5. General view of a low carbon 18 and 8 

stainless steel: (A) polished mechanically and show- 

ing disturbed metal, (B) polished electrolytically sev- 

eral times in order to remove all disturbed metal. 

Shows true structure of alloy. Etched with aqua regia 
in glycerine. 100X. 


fret 
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and 27 per cent Cr, and on austenitic alloys of the 
18 per cent Cr, 8 per cent Ni type, with and with- 
out the addition of columbium or titanium, and in 
all cases it was found to yield a result which can 
be duplicated by mechanical polishing only after the 
most painstaking and prolonged effort. For this type 
of alloy the electrolytic method is unquestionably by 
far the best technique available at present. 
Permanent installation of equipment for electro- 
polishing is unhesitatingly recommended to any 
laboratory which carries on much metallographic 
work on these stainless alloys. Good equipment for 


mechanical polishing is, however, also essential, tor 
in none of the electro-polished specimens examined 
in the unetched condition were the non-metallic in- 
clusions retained as well as is frequently possible by 
mechanical polishing. They seem to stand up in 
relief which not only exaggerates their size but pre- 
vents their identification. It must be said, however, 
that while in the mechanically polished specimens 
prior to etching, the inclusions are well preserved, 
after etching the specimens are likely to be badly 
pitted, owing to the necessity of etching repeatedly 
in a strongly corrosive solution in order to remove 
the inevitable disturbed metal. For these reasons, 
all inclusion work on stainless steel should be car- 
ried out on unetched, mechanically well-polished 
surfaces. 

In electro-polishing stainless alloys it is frequently 
possible to eradicate all grinding scratches long be- 
fore the last trace of disturbed metal is removed; 
for instance, a specimen required approximately 1 hr. 
in the electrolyte before a photomicrograph at 100 
dia. could be made without having to include in 
the field some disturbed metal. The ability to recog. 
nize disturbed metal in its various forms is indis- 
pensable to those working with low carbon austenitic 
alloys, for it is practically impossible to prepare 
mechanically a metallographic specimen of 18 and 8 
without distorting the surface metal. These alloys 
are essentially a homogeneous solid solution, and as 
such, if not deliberately cold worked, their structure 
should consist of a structureless ground mass, graii 
boundaries and, under certain conditions, some car 
bide particles. 

Unfortunately, the structure seen under the micro 
scope generally appears to be far more complex 
than this; the inevitable distortion of the surfac 
metal produced during polishing gives rise to fals 
structures which greatly complicate the grain pat 
tern. It may be said that if the metallurgist is awar 
of these possible false structures he is not likely t 
be confused; but this is often not the case, for th: 
significant structural changes,~such..as carbide pr 
cipitation and the formation of high temperatur 
ferrite, which may occur in these alloys as a result 
of certain heat treatments and additions of other 
alloying elements, are so small and of such characte: 
as to be either masked by the distortion of the sur 
face metal or confused with the false structures 
resulting from it. Some of these false structures are 
illustrated in Figs. 5A, 6A, 6B and GC. 

The general appearance of a polished surface in 
which disturbed metal is present, and the appear 
ance of the same surface after its elimination are 
shown at low magnification in Figs. 5A and 5B, 
respectively. One of the most common manifesta- 
tions of disturbed metal, illustrated in Fig. 6A, 
consists of irregularly shaped markings distributed 
unevenly throughout the grains. Another common 
form is the straight line markings resembling slip 
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Fig. 6. A low carbon 18 and 8 stainless steel show- 
ng false structures resulting from distortion of sur- 
face metal during polishing: (A) roughening of the 
ground mass; (B) straight line marking resembling 
lip lines: (C) “arrow heads’; (D) same specimen 
as (A), (B) and (C) after removal of disturbed 
metal, showing true structure of alloy. All etched 
with aqua regia in glycerine, 500X. 


lines illustrated in Fig. 6B. Less common, but fre- 
quently more confusing to those not acquainted 
with all the false structures resulting from distortion 
of the surface metal, are the markings sometimes 
called “arrowheads,” illustrated in Fig 6C. These 
are, of all the false structures, the most difficult to 
eliminate by the usual mechanical procedure of alter- 
nately re-polishing and re-etching. Fig. 6D repre- 
sents the true structure of the same specimen in 
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which the preceding false structures were noted. 
Figs. 7A and 7B illustrate respectively the struc- 
tures of titanium- and columbium-bearing 18 and 8 
after complete elimination of the distorted surface 
metal; of all the austenitic stainless alloys these are 
among the most difficult to prepare correctly. Note 
in Figs. 7A and 7B that the carbide particles rich 
in titanium or columbium tend to occur dispersed 
more or less at random within the grains; this de- 
sirable distribution is not often found in the straight 
18 and 8 type, where the chromium-rich carbides 
generally occur at the austenite grain boundaries. 
A number of stainless alloys whose structure con- 
sists of austenite and ferrite, such as 18 Cr, 8 Ni, 
and 2.5 per cent Mo, and those in which the nickel 
has been replaced by manganese, have also been 
polished satisfactorily using the procedure recom- 
mended for the ordinary 18 Cr-8 per cent Ni alloys. 
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Fig. 7. (A) Titanium treated steel, 0.04 C, 18 Cr, 
11 Ni, 0.56 per cent Ti. (B) Columbium treated 
steel, 0.06 C, 19 Cr, 10 Ni, 0.76 per cent Cb. Both 
polished electrolytically and etched with aqua regia 
in glycerine. Note that in these alloys the carbide 
particles are largely dispersed within the grains, 
whereas in the straight 18-8 type they are generall) 
found at the austenite grain boundaries. 1000X. 


Because of the difficulty of revealing the un- 
distorted structure of these alloys, there has been 
a trend in recent years to use etching reagents whose 
action is limited to disclosing the presence of car- 
bides. These reagents may be adequate for special 
purposes, such as indicating in a general way the 
presence of carbide precipitation at grain boundaries, 
but they are inadequate for general use because they 
not only fail to reveal such significant detail as may 
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often be found within the grains, but they also give 
an exaggerated picture of the effect of carbide pre- 
cipitation at the grain boundaries. They frequently 
show a broadened, deeply etched grain boundary in 
which the presence of carbide precipitation may be 
inferred, but in which it is not always possible to 
actually see the discrete carbide particles. But now 
that there is a satisfactory method of eliminating 
disturbed metal, no valid reason exists for not 
etching these alloys with a reagent, such as aqua 
regia in glycerine, which attacks all parts of the 
metal evenly and is capable of revealing all signifi- 
cant details within the grains and at the grain boun- 
daries. 
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Appendix 





Warning! Perchloric Reagents May Explode 


“Cincinnati, Ohio.—In the article ‘Electrolytic Prepara- 
tion of Iron and Steel Microspecimens’’ (Metal Progress 
for January, 1940) no explicit mention is made of the 
possible explosion hazards involved in the use of electro- 
lytic polishing solutions prepared with perchloric acid 
and acetic anhydride or acetic acid. In fact, this neglect 
seems to be quite general in much of the literature con- 
cerning these methods and their electrolytes. 

‘Mixtures of perchloric acid with any organic material 
are well known as potential explosives, especially when 
heated, and the explosions are usually extremely violent. 
There is no general agreement as to the conditions for 
such explosions and their causes. The behavior seems to 
be rather erratic and unpredictable. Furthermore, hot 
perchloric acid forms a very explosive product with bis- 
muth or bismuth alloys. 

“These facts are obviously pertinent to the use of the 
above-mentioned polishing electrolytes, and indicate that 
protective measures should be taken when such solutions 
are employed, particularly at the time of mixing. Jacquet 
and Rocquet’s injunction in Comptes Rendus, p. 102 (1919) 
to chill the ingredients before mixing should receive em- 
phasis, for a large amount of heat is evolved when com- 
pounding mixtures of perchloric acid and acetic anhydride. 
The danger of using specimens mounted in organic sub- 
stances such as bakelite or lucite (as mentioned in the 
above-noted article in Metal Progress), or of allowing the 
electrolyte to come into contact with any organic material 
cannot be too strongly emphasized. 

“In addition we wish to point out the danger of at- 
tempting to use electrolytes containing perchloric acid to 
polish bismuth or bismuth alloys. In a rapid search 
through the literature on electrolytic polishing we have 
noticed no reference to this last mentioned hazard. 

“The purpose of this letter is not so much to discourage 
the use of electrolytés containing perchloric acid, but to 
prevent gravely serious accidents that may occur through 
ignorance of the dangers which accompany careless han- 
dling of the solutions."—-M. E. Merchant, Basic Science 
Research Laboratory, University of Cincinnati, Metal Prog- 
ress, Vol. 37, May 1940, p. 559. 
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Practical Metallography 
of the Stainless Steels-lV 


by STANLEY P. WATKINS 


Manager, Development Division, 
Rustless Iron and Steel Corp. 
Baltimore, Md. 


The metastability of the austenitic stainless steels 
is evidenced by their reaction to cold deformation. 
As pointed out already, it is impossible to harden 
these alloys by heat treatment, but only a moderate 
amount of cold working serves to greatly increase 
their hardness and tensile strength. The effect of 
cold working is to facilitate the formation of a stable 
ferritic phase through the breakdown of austenite. 
Since ferrite holds less carbide in solution than does 
austenite, it is expected that some carbides may be 
precipitated in connection with the formation of 
ferrite. Such is the case as shown by Fig. 48, which 
illustrates the typical structure of cold worked 18 
and 8 stainless steel which consists of distorted poly- 
hedral austenite grains with many markings resem- 
bling slip bands. In the cold worked condition the 
austenitic stainless steels are slightly magnetic, the 
degree depending upon analysis balance between 
chromium and nickel and the amount of cold de- 
formation. 

The degree to which the austenitic stainless steels 
will respond to cold working depends to a large 
extent upon the analysis balance, especially the chro- 
mium-nickel ratio. In general, alloys with a high 
proportion of chromium are more susceptible to work 
hardening than ones with chromium low in propor- 
tion to nickel. This is shown graphically by Fig. 51. 
Reheating cold worked material to above 1850 deg. 
F. serves to revert it into the austenitic state by redis- 
solving ferrite and carbides. In addition, this opera- 
tion serves to effect some grain refinement. 

When the austenitic stainless steels are heated for 
prolonged periods in the range of 900 to 1650 deg. 
F. carbides, rich in chromium, are precipitated as 
particles, usually along the grain boundaries, (Fig. 
52) in annealed material, and also in the region of 
slip planes in cold worked metal. In addition, the 
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Fig. 48. Structure of severely cold worked 18 and 8 

stainless steel. Alloy is quite magnetic in this con- 

dition. Hardness Rockwell “C” 40. Etchant: Aqua 
regia. Mag. 200X. 


alloy becomes slightly magnetic indicating that some 
ferrite has been formed in conjunction with pre- 
cipitation of carbides. This phenomenon is a process 
of precipitation from solid solution, analogous in 
many ways to ‘‘precipitation hardening,” a charac- 
teristic of such alloys as duralumin. However, 
in precipitation hardening the precipitated constitu- 
ent is uniformly distributed throughout the grains 
and the metal undergoes no phase change. On the 
other hand, in the austenitic stainless steels, the pre- 
cipitation of carbides is preferential and they are 
concentrated along the grain boundaries. Since aus- 
tenite will retain about 0.02 per cent C in solution, 
any amount in excess of this will be retained in a 
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Fig. 49. Structure of slightly cold worked 18 and 8 
stainless steel. Alloy is only faintly magnetic. Hard- 
ness Rockwell “'B” 90. Etchant: Aqua regia. Mag. 
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Fig. 50. Structure of cold worked 18 and 8 stainless 
steel treated at 1300 deg. F. Note that most of the 
precipitated carbides are along slip planes instead 
of the grain boundaries. Hardness 255 Brinell. 
Etchant: Sodium cyanide, electrolytic. Mag. 200X. 
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Fig. 51. Illustrating the difference in work-hardening 
characteristics between low and high alloy content 
18 and 8 stainless steel wire. 





supersaturated state on quenching from above 1850 
deg. F. and a large proportion will, subsequently, 
precipitate out as chromium carbides when reheated 
within the range of 900 to 1650 deg. F. In the 
case of the 18 and 8 stainless steels, as shown by 
Fig. 13, increasing the carbon content serves to widen 
the temperature range where carbide precipitation 
will occur on reheating in the ‘‘sensitizing’’ zone. 


Carbide Precipitation 


All the austenitic stainless steels are susceptible 
to carbide precipitation, some more than others, and 
the extent to which it occurs depends largely on car- 
bon content. The practical significance of this 
phenomenon is that the acid corrosion resistance of 
these stainless steels is materially reduced when pre- 
cipitated carbides are present along the grain boun- 
daries. Under conditions of severe acid corrosion, 
“sensitized’’ material, i.e., material which has been 
heated in the carbide precipitation zone, attack oc- 
curs along the grain boundaries leaving the grains 
themselves only moderately attacked. Chemical analy- 
sis of the carbides precipitated in 18 and 8 stainless 
steel, as recently reported, showed that they con- 
tained as much as 90 per cent Cr and carbon 20 to 30 
times greater than in the alloy itself. This serves to 
account for the low resistance of the grain boundary 
areas to acid attack, as it is logical to assume that, 
during the formation and agglomeration of these car- 
bides, a depletion of the adjoining metal of chromi- 
um and carbon occurs which severely reduces its re- 
sistance to attack by acids and corrosive gases. Also, 
the appearance of magnetism in “‘sensitized’’ 18 and 
8 material is undoubtedly due to localized areas being 
so depleted in carbon and alloying element that the 
phase change from austenite to chromium-ferrite has 
occurred. 

Carbide precipitation in the austenitic stainless 
steels occurs very rapidly, only a few minutes at 
about 1400 deg. F. being sufficient to thoroughly 
‘sensitize’ 18 and 8 material. However, as this 
change is a function of time and temperature, sensi- 
tization occurs at temperatures as low as 900 deg. F., 
but it will proceed more slowly. On the other hand, 
if the alloy is heated for several hours within the sen- 
sitizing zone, it will become more stable and less sus- 
ceptible to intergranular attack. This is brought 
about through the effect of prolonged heating which 
permits migration of alloying elements into the de- 
pleted zones and thus restores to normal their corro- 
sion resistance. The effect of such a treatment on the 
acid resistance of 0.05 per cent C, an 18 and 8 alloy, 
is shown by Fig. 55. - 

Several acid corrosion methods are in use for deter- 
mining the susceptibility of the austenitic stainless 
steels to intergranular corrosion, but the one gener- 
ally used is the Strauss test. In this test the material 
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is first heated within the sensitizing zone and then 
subjected to a boiling solution of 10 per cent sul- 
phuric acid and 10 per cent copper sulphate in a re- 
flux condenser for 24 hrs. If intergranular attack 
occurs, slight bending will cause a roughening of 
surface and in severe cases the metal will completely 
disintegrate. In contrast to normal metal, which 
gives off a metallic ring when struck with a bar, metal 
severely corroded intergranularly will not ring when 
struck, but sound ‘‘dead.”’ 

In addition, the Huey Nitric Acid test is used for 
determining extent of carbide precipitation in the 
18 and 8 stainless steels. This test consists in sub- 
jecting the material to a boiling solution of 65 per 
cent nitric acid for two or more 24-hr. periods. Sam- 
ples are weighed before and after test and loss in 
weight determined, which for comparison purposes 
is converted to inches penetration per month. It has 
been found that if the rate is less than 0.004 in./pen. 
per mo. the material is not susceptible to intergranu- 
ar attack as revealed by the Strauss test. 


Carbon and Intergranular Corrosion 


From the above discussion it will be seen that car- 
on is the contributing cause of intergranular corro- 
on and the obvious remedy would be to reduce the 
irbon content in the austenitic stainless steels to 
ch a low limit that no carbide would be precipi- 
ited. To accomplish this would necessitate the pro- 
iction of material with carbon under about 0.02 per 
nt which is extremely difficult as well as expensive. 
lowever, 18 and 8 stainless steel is being regularly 
roduced with carbon content of 0.04 to 0.06 per cent 
nd, although such material is not entirely immune 
carbide precipitation, fewer carbides are precipi- 
ted, resulting in a greater resistance to intergranular 
ttack than higher carbon content material. Also, 
increasing the alloy content somewhat above the 18 
and 8 range further increases the resistance of these 
alloys to intergranular corrosion. 

Intergranular corrosion is no longer the industrial 
problem it once was, owing to a better understanding 
among users of the nature of this phenomenon and 
how to avoid or correct the condition when once 
present. Also, in recent years several 18 and 8 
stainless steels have become available which, for all 
practical purposes, are not susceptible to intergranu- 
lar attack when heated within the sensitizing zone. 
Such alloys contain titanium or columbium, which 
combine with the excess carbon present to form 
highly stable carbides. In practice, titanium to the 
amount of six times the carbon content is added, and 
in the case of columbiurn, 10 times carbon content. 
If these alloys are treated in the range of 1550 to 
1650 deg. F., all the excess carbon is precipitated in 
the form of titanium or columbium carbides and such 


material is termed ‘‘stabilized,’’ as the metal is sta- 
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Fig. 52. Structure of annealed 18 and 8 stainless steel 

treated in the ‘sensitizing’ zone. Carbides are pre- 

cipitated along grain boundaries. Etchant: Sodium 
cyanide, electrolytic. Mag. 200X. 
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Fig. 53. Structure of hot rolled 18 and 8 stainless 
steel “a Rate of cooling was not sufficient to main- 


tain carbides in solid solution. Etchant: 
cyanide, electrolytic. Mag. 200X. 
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Fig. 54. Showing disintegration of iaattoad 0.08 
per cent C, 18 nal 8 stainless steel after exposure 
to the Strauss test. One-half actual size. 
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Fig. 55. Heating for extended periods in the “sen- 
sitizing’’ zone serves to restore normal resistance to 
this alloy against attack by 65 per cent boiling nitric 
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that carbide partic he are dispersed throughout matrix 
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Fig. 57. Structure of sensitized 18 and 8 stainless 
steel containing delta ferrite. Note that a large pro- 
portion of carbides are precipitated in delta ferrite 
pools. Etchant: Sodium cyanide, electrolytic. 500X. 








bilized against further changes when exposed to 
lower temperatures. It is considered necessary to 
give the 18 and 8 titanium material a stabilizing 
treatment in order to obtain full effect of titanium but 
in the case of columbium, this is not so. 

Typical microstructure of 18 and 8 columbium ma- 
terial after stabilizing is shown by Fig. 56. It will 
be noted that the carbide particles are dispersed uni- 
formly throughout the matrix, rather than predomin- 
antly along the grain boundaries as would be the case 
of 18 and 8 without this stabilizing element. Titan- 
ium oxidizes more readily than columbium and hence, 
it is difficult to transfer a sufficient amount from an 
18 and 8 welding rod to the deposited metal to 
stabilize the carbides present. On the other hand, 
columbium is not so easily oxidized and sufficient 
amounts can be transferred to the deposited metal 
from columbium 18 and 8 welding rods to effect sta- 
bilizing of carbides. In view of this, there is no ad- 
vantage in using the 18 and 8 titanium alloy for weld- 
ing rods. 

As pointed out in a previous paragraph, lowering 
the carbon and increasing the chromium content of 
the austenitic stainless steels favors the formation and 
preservation of high temperature chromium-ferrite 
(delta iron). The microstructure of such an alloy is 
shown by Fig. 45. When a fairly large amount of 
chromium-ferrite is preserved, the alloy is appreci- 
ably magnetic. The addition of molybdenum and 
silicon also promote the formation of high tempera- 
ture chromium-ferrite. When such alloys are heated 
within the sensitizing range, it is found that the 
carbides tend to form predominantly in the chromi- 
um-ferrite areas, which being disconnected, do not 
promote intergranular corrosion (Fig. 57). How- 
ever, unless these alloys are quite low in carbon, some 
intergranular corrosion may occur when subjected to 
severe acid attack. 

When the proportion of chromium to nickel is 
high, such as in an alloy containing 29 per cent Cr 
and 9 per cent Ni, the normally annealed structure 
consists of austenite pools imbedded in a chromium 
ferrite matrix as shown by Fig. 58. In this condition 
the alloy is quite ductile and strongly magnetic. 
However, when such an alloy is heated for long 
periods in the temperature range of 1100 to 1650 
deg. F., a portion of the ferrite is converted into the 
compound FeCr (sigma phase) and austenite. The 
structure of a 29-9 alloy, after heating in this range, 
is shown by Fig. 59. The ferritic constituent has been 
largely converted into the sigma phase and austenite, 
resulting in the alloy becoming non-magnetic, exceed- 
ingly brittle and quite hard. It is reported that sigma 
phase, in addition to occurring in certain of the 
chromium-nickel stainless steels, can also exist in the 
straight chromium stainless steels with chromium 
above about 20 per cent. This, no doubt, is the 
reason for such alloys becoming brittle when heated 
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within the above range and slowly cooled. In all 
cases, sigma phase may be redissolved by heating 
above about 1850 deg. F., and subsequent rapid cool- 
ing restores normal ductility and structure. 
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Fig. 58. Annealed structure of 0.12 per cent C, 29 

per cent Cr, 9 per cent Ni alloy. Austenitic pools 

in ferritic matrix. Material is ductile and magnetic. 

Hardness 229 Brinell. Etchant: Aqua regia. Mag. 
200X. 





Fig. 59. Structure of 0.12 per cent C, 29 per cent Cr, 
9 per cent Ni alloy, consisting of austenitic pools 
in matrix of austenite and sigma phase, after slow 
cooling from above 1400 deg. F. Material is exceed- 
ingly brittle and non-magnetic. Hardness 415 Brinell. 
Etchant: Aqua regia. Mag. 200X. 
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The authors describe procedures relating to the 
metallography of block tin and hot-dipped tin plate 
which have proven satisfactory. Representative photo- 
micrographs are shown; among them is one showing 
a Cross section of tin plate of commercial coke- grade 
revealing the iron-tin alloy layer. Others show the 
total thickness of the coating on specimens which 
had been heated for 1- and 2-hr. periods at 400, 
425, 475 and 500 deg. F. The authors believe that 
photomicrographs of cross sections of such light tin 
coatings have not been shown previously in the 
literature —The Editors. 


URING RECENT YEARS, particular attention has 

been devoted to the various types of metallic 

coatings used for the protection of steel from 
corrosion. In many instances the coating metal is 
appreciably softer than the base to which it is applied. 
Among the common elements, tin is in many respects 
an ideal coating metal for steel, and for many years 
has found extensive application in the manufacture 
of food containers. That hot-dipped tin plate coat- 
ings are composed of an iron-tin alloy layer in addi- 
tion to an outer layer of tin is well known but the 
metallography of these coatings has been extremely 
difficult. The indifferent results obtained heretofore 
can be attributed largely to rounding or beveling of 
the coating during polishing and the lack of a 
satisfactory etchant. The preparation of an optically 
flat cross section of such a product often requires 
the development of unusual methods in order to 
produce the clarity, detail, and flatness essential to 
the preparation of good photomicrographs. 

The present paper describes in detail metallo- 
graphic procedures for the preparation of block tin 
specimens and cross sections of commercial hot- 
dipped tin plate coatings. The development of a 
suitable technique for block tin was necessary as a 
result of experimental work conducted to obtain 
recrystallization data on cold worked tin. It was 
anticipated that these data would be of aid in the 
more difficult problem of preparing cross sections of 
tin plate. 


Metallography of Block Tin 


P. A. Jacquet’ describes a method of polishing 
block tin electrolytically and shows some very beauti- 
ful photomicrographs prepared by this method. The 
procedure requires a flat plane surface for suitable 
treatment. When there is danger that undue cold 





Metallography of Tin 


work may result from preparation of the samples, 
this method is eminently satisfactory. Since, how- 
ever, the apparatus for electrolytic treatment may not 
always be available it is believed that, with care, the 
method of preparation of block tin described below 
can be used satisfactorily without danger of re- 
crystallization of the tin in the final polishing 
operation. 


Outline of Procedure in the Metallographic 
Preparation of Block Tin: 


1. Specimen filed flat. 
2. Hand ground on 0, 2/0 and 3/0 emery or car- 
borundum metallographic papers. 
3. Polishing operation: 
(a) 3 F alundum in water on horizontal lap cov- 
ered with billiard table felt. Lap speed 300 
r.p.m. 
(b) 500 alundum—same procedure as (a). 
(c) Jewelers rouge in water on horizontal lap 
covered with high grade silk velvet. Lap 
speed 50 to 75 r.p.m. 
i. Etching agent—alcoholic acid ferric chloride, as 


described by Taffs*: 


Fig. 1. Chempur block tin—cold reduced 50 per cent 
by compression and annealed 3 hrs. at 350 deg. F. 
Etchant: Alcoholic acid ferric chloride, 20X. 



































































and Tin Coatings on Steel 


ET ere errr aa 6 
ies eee « gh ed 060-0 % wee 30 mil 
Te Pere ee re eee 5 ml 
Ethyl alcohol (190 proof) .......... 60 ml 


5. Alternate polishing and etching necessary in 
(a), (b), and (c). 

A specimen of convenient size having been ob- 
tained by sawing or casting, a flat surface may be 
secured by filing. A 12- or 16-in. mill file is satis- 
factory for this purpose. The best procedure is to 
push the specimen against the cutting edge of the 
file, preferably in one direction only. Back-and-forth 
rubbing tends to round the specimen and introduce 
chatter marks. After filing, hand grinding is accom- 
plished on the various grades of metallographic 
papers noted. Grinding on each grade of paper is 
continued until scratches from the preceding paper 
are removed. The specimen should be rotated 90 
deg. on changing from one grade of paper to the 
next, 

The polishing laps, or discs, may be of any con- 
venient size, but they should revolve at comparatively 


Fig. 2. Same as Fig. 1 after rubbing gently with file 

and repolishing. Recrystallization prevalent along file 

marks. Polishing operation required 10 min. Etchant: 
Alcoholic acid ferric chloride. 20X. 


by 0. E. ROMIG and D. H. ROWLAND 
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slow speeds in order to prevent excessive flowing of 
the tin surface. Alternate polishing and etching on 
laps impregnated with 3F and 500 alundum, or 
their equivalent, removes practically all of the cold 
worked metal remaining from the coarse grinding 
operations. In the final polish, using rouge as the 
abrasive, the specimen is again alternately polished 
and etched until the remaining cold worked metal 
has disappeared. 

In Fig. 1 is shown the grain size of a sample 
of Chempur block tin cold reduced 50 per cent by 
compression and annealed for 3 hrs, at 350 deg. F. 
An additional polish and etch was necessary to com- 


Fig. 3. Same as Fig. 1 after rubbing gently with 

3/0 metallographic paper and repolishing. Recrystal- 

lization complete on surface of specimen. Polishing 

operation required 11/, min. Etchant: Alcoholic acid 
ferric chloride. 35X. 
































Fig. 4. Cross section of coke tin plate. Average weight of coating,, 1.17 lbs, per base box. Double etched to 


reveal iron-tin alloy 


pletely remove the effects of cold work noted in 
this photomicrograph. The recrystallization occur- 
ring at room temperature (70°F.) when the pol- 
ished and etched surfaces of two such specimens 
were rubbed gently with a file and on 3/0 metallo- 
graphic paper, respectively, is shown in Figs. 2 and 
3. These results, when supplemented by additional 
data, indicated that considerable care must be exer- 
cised in the preparation of tin for metallographic 
examination if erroneous conclusions as to grain size 
were to be avoided. 


Metallography of Commercial Hot-Dipped Tin Plate 


The study of the variation in thickness of the iron- 
tin alloy layer formed during the manufacture of 
hot-dipped tin plate is of interest because of the 
relation of the coating structure to its forming qualli- 
ties. Experimental data obtained by Wever and 
Reinecker,* Westgren and Phragmen,® Edwards and 
Preece,® Ehret and Westgren,* W. E. Hoare,® Jones 
and Hoare,® and others, appear to indicate that this 
layer is composed chiefly of the compound FeSn, 
possessing brittle characteristics. It seemed logical, 
therefore, that the development of a metallographic 
method for revealing the iron-tin alloy on cross 
sections of tin plate should be of value in the solu- 
tion of some of the problems encountered in the tin 
plate industry. 

The value of metallographic examination of tin 
coatings, when studying adherence and porosity, is 
aptly shown by J. J. Macnaughtan and J. C. 
Prytherch.1° Their paper exhibits some excellent 
photomicrographs of tin coatings on steel which 
were prepared by H. J. Taffs.* Among these photo- 
micrographs is one showing the iron-tin alloy layer 
and tin coating on a specimen of charcoal tin plate 
with weight of coating 5 lbs. per base box. This 
photomicrograph was of interest because specimens 
of charcoal plate of American manufacture which 
have been examined by the present authors did not 


layer. 2500X. 


show rectilinear shaped alloy but rather that typical 
of coke-grade plate, (Fig. 4). 

When it is considered that the average thickness 
of the coatings on coke-grade tin plate ranges from 
about 0.00006 to 0.00012 in., and on charcoal-grade 
plate from about 0.00015 to 0.0005 in., it becomes 
apparent that, if optically flat surfaces are to be 
maintained during the polishing of cross sections, 
some means of supporting the edge of the tin must 
be employed. This is particularly true if the full 
width of the coating is to be photographed at mag- 
nifications of 1000 dia. or more. Experience has 
shown that specimens placed surface to surface in 
mountings do not yield satisfactory results when 
polished because it is usually impossible to determine 
the line of demarcation between the two coatings. 
This circumstance makes the use of separators be- 
tween specimens desirable when a number of speci- 
mens are to be polished simultaneously. 

Materials utilized for supporting the edges of the 
tin coatings in the preliminary stages of this work 
included: Hard waxes, fusible alloys, metal strips, 
and acid hardening bakelite. Tin plate specimens 
cannot be satisfactorily mounted in a bakelite press 
because the tin coating will flow excessively at press 
temperatures and pressure, thus giving a false con- 
ception as to the original width of the coating. Acid 
hardening bakelite had the disadvantage that it con- 
tracted continuously on standing, and its use did not 
eliminate the need of liners between specimens. 
Samples of tin plate electroplated with iron, copper, 
nickel, and chromium were mounted in various ways 
but the results obtained on polishing were somewhat 
discouraging. Thin steel strips, about 0.001 in. 
thick as inserts between specimens, gave fair results 
except for seepage of the etching reagents, the etch- 
ing characteristics of which added further difficulties 
to an already troublesome problem. Additional work 
disclosed that a strip of cellophane placed between 
specimens effectually stopped leakage of the etching 
reagents in bolted mountings. When a tight fit was 
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obtained, very little rounding of the tin occurred 
during polishing. 

Finally, it was found that if the tin plate speci- 
mens were individually dipped in bakelite lacquer, 
allowed to dry in air for 30 min. and then heated 
for 20 min. at about 275 deg. F., an excellent 
mounting could be obtained by bolting the specimens 
together with a strip of cellophane between each. 
No leakage troubles were experienced and the thin 
shell of bakelite (about 0.001 in. thick on each side 
of a specimen) was of adequate hardness to support 
satisfactorily the edges of the tin coating. Experi- 
mental work by the authors and other investi- 
gators®: ‘' has indicated that the growth of the iron- 
tin alloy is very slow, even at the melting point of 
tin, therefore heating for the prescribed time at 275 
deg. F. introduces no visible change in the width 
of the alloy layer. Continued use of the method 
just described has shown that cross sections of tin 
coatings, whether hot-dipped or electroplated, as 
thin as 0.000015 in. thick can be successfully pre- 
pared for photographing. 

A number of etching reagents for tin, the com- 
positions of which were obtained from the literature, 
were tried in the preliminary stages of the present 
investigation but all excessively stained and over- 
etched the tin. Accordingly, attention was given to 





the development of a reagent possessing more de- 
sirable etching characteristics for tin plate coatings. 
Two such reagents were discovered, each having a 
special application. One of these, for use on com- 
mercial coke-grade plate, consists of a mixture of 
nitric and hydrofluoric acids in glycerine; the other, 
a solution of hydrofluoric acid in absolute methyl 
alcohol, is applied in experimental work where the 
alloy layer and tin are often much thicker than on 
commercial plate. When properly employed, neither 
of these reagents stain the tin and they attack it 
sufficiently to define the iron-tin alloy layer boundary 
adjacent to the tin. A subsequent etch with picral, 
which attacks only the steel base, defines the boundary 
adjacent to the steel. It can be seen, therefore, what 
the application of a double etch is apparently neces 
sary to outline both sides of the alloy layer. 

The following method for mounting, polishing. 
and etching hot-dipped tin plate samples may, at first 
glance, appear to be long and tedious, but practice 
in its use will yield results which have in the past 
defied accomplishment: 


Outline of Procedure in the Metallographic Prepara 
tion of Cross Sections of Hot-Dipped Tin Plate 
1. Dip, dry, and bake tin plate specimens in bake 
lite lacquer according to direction supplied 

with the lacquer. 


ig. 5. Cross sections of coke tin plate after heating. Double etched to reveal iron-tin alloy layer, 2500X. 
(A) Heated 1 hr. at 400 deg. F.—average weight of coating 0.99 lbs. per base box. (B) Heated 2 hrs. 
400 deg. F.—average weight of coating 1.23 lbs. per base box. 
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sections of coke tin plate after heating. Double etched to reveal iron-tin alloy layer. 2500X. (A) 
at 425 deg. F.—average weight of coating 1.28 lbs. per base box. (B) Heated 2 hrs. at 425 de 
F.—average weight of coating 1.19 lbs. per base box. 


sections of coke tin plate after heating. Double etched to reveal iron-tin alloy layer. 2500X. (A 


at 475 deg. F.—average weight of coating 1.41 lbs. per base box. (B) Heated 2 hrs. at 475 deg 


F.—average weight of coating 1.20 lbs. per base box. 
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Mount between steel or bakelite end blocks 
held together by bolts—cellophane between 
each two successive specimens. 


Surface grind to obtain flatness. 


Hand grind on 0, 2/0 and 3/0 emery or car- 
borundum metallographic papers. 


Final grinding on vertical lap covered with 
3/0 metallographic paper impregnated with 
graphite. Lap speed 1200 r.p.m. 

Preliminary polish: 

(a) Tonerde (Trade name for a_ high-grade 
alumina described later) horizontal lap 
covered with high grade woolen broadcloth 
Lap speed 300 r.p.m 

Alternate polishing and etching necessary 
steel base etched for 30 sec. in 5 per cent 
picral—tin coating remains unetched. Re- 
peat process until tin coating is well de- 
fined and specimen is optically flat. 

Final polish: 

(a) Tonerde on horizontal lap covered with 
high grade silk velvet. Lap speed 50 to 75 
r.p.m. 

This is a polish of short duration intended to 
remove scratches remaining from the pre 
liminary polish. 

Etching agents to reveal iron-tin alloy layer on 

commercial hot-dipped tin plate: 

(a) Etch the specimen tor 1 minute without 
agitation in a mixture of nitric and hydro- 
fluoric acids in glycerine, 


| } 


(b) 


ed 


ot 


1 drop HNO; (conc.) | 

2 drops HF > mix well 

25 ml. glycerine } 

Alternative etching agent for heavy tin 

coatings and thick alloy layers: 

Etch for 3 to 15 sec. with agitation in a 
solution containing 1 drop of HF 
(conc.) per 100 ml. of absolute methyl 
alcohol 

Temperature of etchants should be between 
70 and 80 deg. F. These etchants re- 
veal the tin side of the alloy layer. 


To reveal the iron side of the alloy layer 
follow the above treatments by etching the 
specimen for 5 to 10 seconds in 5 per cent 
picral. 

ouble etch is necessary to show both sides 
the iron-tin alloy layer. 


To obtain a uniform thickness of lacquer, over- 
sized specimens should be dipped, baked, and then 
trimmed to size. Sheet cellophane 0.001 in. thick 
designated as ‘300 MST” by the E. I. du Pont de 
Nemours & Co., Inc., Wilmington, Del., has given 
excellent 


results. When bolting the specimens to- 


gether, care should be taken not to flow the tin, or 
cause recrystallization, by exerting too much pressure 


in the vise. The preparation of a few mountings 
will indicate the maximum vise pressure allowable. 

Incidentally, the use of cellophane to stop seepage 
of etchants is applicable in the mounting of all 


8. Cross sections of coke tin plate after heating. Double etched to reveal iron-tin alloy layer. 2500X. (A) 
average weight of coating 1.43 lbs. per base box. (B) Heated 2 hrs. at 550 deg. 
F.—average weight of coating 1.33 lbs. per base box. 


ited 1 hr. at 550 deg. F. 


APRIL, 1941 











441 


<—Steel 
Base 


<—Tin 
<—Iron-Tin 


Alloy 


<—Steel 
Base 














sheet steel products, whether coated or not. This is 
especially true of specimens mounted in a bakelite 
press, since the cellophane partially melts at press 
temperatures and thus effectively fills voids between 
specimens. 

After the specimens have been mounted, the next 
step is to secure a flat polishing surface. The use of 
a machine shop surface grinder is unexcelled for 
this purpose. Other means may be used, however, 
such as belt grinders, grinding wheels, or filing. 

A flat surface having been obtained, hand grind- 
ing on 0, 2/0 and 3/0 emery or carborundum metal- 
lographic papers, in the order given, serves to 
prepare the specimen for the vertical lap. The final 
grinding operation, in which 3/0 graphite impreg- 
nated metallographic paper is used on a vertical lap, 
removes the need of coarse abrasive in subsequent 
polishing operations. The paper is impregnated with 
graphite by rubbing it with a piece of electrode 
carbon or its equivalent. The vertical lap is prefer- 
able to the horizontal type because it does not readily 
collect dust or grit. 

When all of the scratches from hand grinding 
on papers have been removed on the lap, the speci- 
men is ready for polishing. The polishing agent 
used in both preliminary and final polishing has the 
trade mame ‘“Tonerde No. 3.” (Obtained from 
Conrad Wolfe, P. O. Box 448, Newark, N. J. This 
product is a patented German polishing agent and is 


Fig. 9. Etched coke tin plate surface. Average weight 
of coating 1.51 lbs. per base box. Etchant: Alcoholic 
acid ferric chloride. 3/4X. 


not at present readily available. It is high grade 
alumina and although it has been found somewhat 
superior to similar American products, its specific 
use is not imperative.) A properly broken-in woolen 
broadcloth with a short pile is desirable for the 
preliminary polish. Alternate polishing and etching 
with picral as the etching agent is employed until 
the tin coating is well defined, each polish lasting 
only long enough to remove the effects of the pre- 
ceding etch, Prolonged polishing between etchings 
is to be avoided since it causes beveling of the .coat- 
ing. Ordinarily, four or five polishings and etchings 
are sufficient if the specimen has been properly 
mounted and ground. 

The final polish, on high grade silk velvet (black), 
is performed on a slow speed wheel using very little 
pressure on the specimen. This polish is of 5 to 10 
min. duration and prepares the specimen for the tin 
etching reagents. A short etch of 5 sec. with picral 
prior to the final polish is recommended. 

Up to this point, only the picral etching agent has 
been used, the object being to maintain the level of 
the steel base at or below that of the tin coating 
thus effectively minimizing rounding of the coatin; 
during polishing. In the final polish the two are, o 
course, brought to the same level. As previous! 
mentioned, five per cent picral does not appear | 
attack the tin coating. 

The acid glycerine etching reagent for tin has be« 


Fig. 10. Etched charcoal tin plate surface. Avera. 
weight of coating 6 lbs. per base box. Etchant: . 
coholic acid ferric chloride. 3/4X. 
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found to be rather critical in use. Stainiug and non- 
uniform etching may result with improper concen- 
trations and etching temperatures. The picral etch- 
ant, however, is not critical as to composition and 
etching temperature but its application should follow 
rather than precede the acid glycerine etch. 

A photomicrograph of a cross section of coke- 
grade tin plate prepared by the foregoing method 
is shown in Fig. 4. The iron-tin alloy layer is clearly 
defined. The photomicrographs of Figs. 5 to 8 in- 
clusive are similar cross sections illustrating the 
growth of the alloy when specimens were subjected 
to temperatures of 400, 425, 475 and 500 deg. F. 
for periods of 1 and 2 hrs. in each case. The 
absence of any visible structure in the tin layer 
adjacent to the iron-tin alloy was attributed to one 
or more of the following circumstances: A relatively 
light etch; the structural characteristics of tin coatings 
on commercial tin plate; or, to the high magnifica- 
tion employed in obtaining the photomicrographs. 

The surface structure of the tin layer on commer- 
cial tin plate can be easily revealed by any of the 
three above mentioned tin etchants. The ultimate 
result obtained through the individual use of these 
etchants is the same but the acid ferric chloride, 
mentioned under block tin, is to be preferred for 
this purpose because it etches the tin far more 
rapidly than the weaker reagents. The surface 
structures of two different grades of commercial tin 
plate are presented in Fig. 9, and Fig. 10. Varia- 
tions in design are frequently observed but those 
exhibited are typical. That the structures shown in 
these photographs extend from the surface of the 
tin to the alloy layer seems probable since prolonged 
etching, even to complete removal of the tin, intro- 
duces no observable shifting or change in the pattern 
that was obtained at the surface. If, then, etching 
has revealed the true grain size of the tin, it must 
be concluded that the grain size of commercial hot- 
dipped tin plate coatings is quite large. 

As far as the authors are aware, the grains or 
crystals apparent to the eye without magnification, 
as in Figs. 9 and 10, have not been resolved by 
microscopic examination into finer grains. This ts 
true both for the surface or for cross sections ot 
coke-grade tin plate which has not been mechanically 
worked or heated, or both. With grains of the mag- 
nitude shown, it seems doubtful that grain boun- 
daries would be visible after lightly etching to reveal 
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the extremely thin alloy layer and tin coating on cross 
sections of tin plate which necessarily require high 
magnification for adequate resolution. 

It is believed that the technique described for the 
metallographic study of very light tin coatings should 
be of benefit to other investigators. It is hoped, 
therefore, that the future study of coating adherence, 
surface abnormalities, luster, forming qualities, and 
other related properties of tin plate may be materi- 
ally aided by having at hand a method for revealing 
on cross sections the configuration and thickness of 
the iron-tin alloy layer. 

Acknowledgment: The authors wish to express 
their appreciation to D. F. Armiento for assistance 
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photomicrographs and to others of this laboratory 
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Hydrogen in Steel 
and Cast lron—t 


AND DEFECTS IN APPLIED COATINGS 


by C. A. Zapffe and C. E. Sims 


under hydrogen. (Right) lron with hydrogen 





Fig. 1. Chill-cast plates fired with vitreous enamel for 10 min. at 725 deg. C. (1340° F.). (Left) lron made 
removed, showing 





In the May, June, July and August issues of 
METALS AND ALLOys, last year, we published a cor- 
related abstract by these authors on ‘Hydrogen, 
Flakes and Shatter Cracks’ which attracted wide 
attention. 

In this issue we publish the first instalment of an 
article which discusses the effect OF hydro ge nin steel 
and cast iron on vitreous enameled coatings. Hydro- 
gen absorption and hydrogen effusion at elevated 
temperatures as well as hydrogen absorption and 
hydrogen effusion at ordinar) temperatures are re- 
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viewed in detatl including the effects on Ap plte d 
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N') THE INTRODUCTORY PAPER on Hydrogen in 

Steel’ it was concluded from preliminary obser- 

vations that effusion of absorbed hydrogen from 
iron and steel must act to deface applied coatings 
particularly vitreous enamel coatings. Since then, in- 
vestigations at Battelle Memorial Institute have shown 
that many long-recognized but unexplained defects 
in resinous coatings, electroplated coatings, and 
vitreous enamel coatings on steel and on cast iron 
may be caused by hydrogen which has been previous 
ly absorbed by the iron or steel base. 

These investigations have been published, but in 
non-metallurgical literature. Their significance to 
metallurgists warrants some discussion. (The orig- 
inal papers should be consulted for detailed infor- 
mation of tests that are only briefly treated here.) 
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Fig. 2. Chill-cast plates prepared under condition: 

offering various degrees of hydrogen absorption and 

fired with vitreous enamel 18 min, at 725 deg. a 

(1340° F.). No. 1, hydrogen removed; No. 2, 

ordinary melt; No. 3, scrap addition; and No. 4 

hydrogen atmosphere. (Blemishes in No. 1 due only) 
to irregularities in the surface of the iron.) 


Hydrogen Absorption 
At Elevated Temperatures 
During Melting 


Role of Hydrogen in Cast lron Enameling: Prob- 
ably the most important single feature of hydrogen in 
steel and iron is that the gas so readily supersatu- 
rates. It is this supersaturation that causes the “‘flake”’ 
and the ‘shatter crack’’ and which also causes hydro- 
gen ultimately to effuse from the specimen. When 
a coating such as paint, vitreous enamel or electro- 
plate is applied to steel, effusion of the gas under- 
neath the coating develops pressure that leads to 
defects just as pressure from internal effusion leads 
to flaking. Much less pressure is required, however, 
to deface a coating, so coatings are sensitive tests 
for hydrogen that has been absorbed by the metal. 

Conversely, the many industries using steel or cast 
iron as a base for an applied coating require metal 
that is unusually low in hydrogen content. It is inter- 
esting to note that in the literature of these various 
industries,®> the enameling industry in particular,’ 
many observations are recorded that show relations 
between the steel-making process and defects in sub- 
sequently applied coatings that are identical with 
those relations now well recognized in the case of 
flakes and shatter cracks. In the case of cast iron, 
the same obtains, and it has been shown that large 
scrap additions, melting in rainy weather and casting 
in damp molds leads to enameling defects, although 
no satisfactory explanation has been forthcoming. 

In the present work the fact was brought out that 
hydrogen is the gas principally responsible for blis- 
tering defects in vitreous enamel during firing. To 
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find the effect of hydrogen absorbed during melting, 
cast iron was investigated. Standard enameling iron 
of the following composition : 


Per Cent 
Carbon 460 
Silicon 2.35 
Manganese 0.70 
Phosphorus 0.65 


was melted in an induction furnace under conditions 
providing various sources for hydrogen absorption 
Each melt was cast in (1) chill molds, consisting of 
bolted steel plates, (2) green sand molds, and (3) 
dry silica brick molds lined with alundum and baked 
at 875 deg. C. (1600° F.). 

The first melt was made under hydrogen. The sec- 
ond was thoroughly flushed with carefully dried ni 
trogen before casting to avoid the presence of hydro 
gen. A typical chill-cast plate, fired with vitreous 
enamel at 725 deg. C. (1340° F.), is shown in Fig. 
1 for each of these two melts. It is seen that carbon 
oxides, which have generally been assumed by enam 
elers to be the cause of pinholes and blisters, have 
played no part whatsoever in the present test, and 
that when hydrogen was absent, these defects did not 
occur. Furthermore, each set of test-plates had well- 
defined chill layers. A previous popular belief has 
been that decomposition of a ‘micro chill” layer dur- 
ing firing provides finely divided, active carbon which 
reacts with oxides and oxygen to cause blistering 
from carbon oxide gases. 

Absorption during Ordinary Melting: A melt was 
made without treatment of any kind, but the weather 
was dry and an induction furnace carries a minimum 
of moisture and contamination. Consequently, just 
as in industry, defects occurred only spasmodically 
Pig iron, which was used in the charge, contains a 
considerable quantity of hydrogen inherited from 
the blast furnace and subsequently becomes enriched 
in hydrogen by rusting reactions. If melting condi- 
tions do not favor hydrogen removal, defects may 
result from this source. 

Effect of Scrap Additions: The tremendous quan- 
tity of hydrogen that can be liberated by a very small 
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Fig. 3. lron with hydrogen removed during melting 

ubse Gu ntl) Cast in green sand molds. Fired 
with vitreous enamel at 725 deg. C. (1340° F.). 
Left: Fired 10 min. Right: Fired 18 min. 


amount of water makes moisture the most important 
single source of hydrogen in iron and steel making.® 
Moisture carried by materials in the charge is espe- 


cially dangerous, for the liberation of the hydrogen 
is likely to occur within the molten metal where all 


the gas is absorbed. Scrap not only carries a great 

deal of moisture in its rust, but the presence of the 
| rust also implies that the scrap itself may contain a 
considerable quantity of hydrogen that has been sup- 
plied by the rusting reaction. 

A melt was made with a 20 per cent addition of 
ordinary scrap, and blistering occurred during enam- 
eling. 

A comparison of the degrees of hydrogen absorp 
tion in these tests is shown by the enameled surfaces 


in Fig. 2. 


During Casting 


That hydrogen is absorbed by cast iron during 
casting in green sand molds is shown in Fig. 3. The 
nitrogen-treated melt, which showed no blistering 
whatsoever when cast dry, provided specimens that 


blistered severely when cast in green sand. 








During Annealing and Fabricating 


Absorption of hydrogen from furnace gases dur 
ing heat treatment is much more severe than is gen- 
erally recognized. If the atmosphere is oxidizing to 
the iron, moisture is very likely present; if reducing, 
hydrogen-containing gases are probably present. In 
work to be presented elsewhere, it is shown that 
some ordinary furnace atmospheres are almost the 
equivalent of pure hydrogen in supplying this gas 
to steel. In vitreous enameling, the presence of re 
ducing gases or moisture in the furnace atmosphere 
may lead to chipping after firing and to severe blis- 
tering during subsequent firing, each being due 
largely to effusion of the hydrogen absorbed from 
the furnace gases. 

An especially elusive source of hydrogen in enam- 
eling has been that small amount of moisture, rarely 
more than 1 or 2 per cent, that is chemically com- 
bined with the clay in the slip. No matter how 
thoroughly the slip is baked at moderate tempera- 
tures, enough water usually remains to liberate dele- 
terious quantities of hydrogen by reacting with the 
iron during firing. The specimen becomes charged 
with hydrogen during this first firing, and subsequent 
effusion of the gas may cause numerous types of 
enamel defects to appear. 
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Hydrogen Effusion 


at Elevated Temperatures 
From Atomic Solution 


It will be recalled that hydrogen may exist in iron 
and steel (1) in interstitial solid solution, (2) oc- 
luded in cavities and disjunctions as molecules, (3) 
occluded in inclusions as molecular hydrogen or com- 
pounds of hydrogen, and (4) chemically retained by 
molecularly dispersed impurities; and that each frac- 
on behaves differently with respect to temperature. 
If steel is pickled in acid, as it is in many commer- 

al cleansing operations, temporary supersaturation 
surprising magnitude can result. Most of this 
is exists as atoms in simple solution and as mole- 
iles in slip planes? and can be removed by subse- 
ent annealing treatment. (For more detailed in- 
rmation Reference No. 7 should be consulted.) If 
removed, the gas can damage deep-drawing and 
er properties as is shown elsewhere.’ Also, this 
olved fraction may cause enameling defects when 
steel is heated and the diffusibility of the gas is 
lenly increased. In a test in the present work® 
lved hydrogen from pickling was purposely not 
ved and a subsequently applied enamel coating 


i. Steel wedge cleaned by pickling, baked 30 
at 115 deg. C. (240° F.) and fired with vitreous 
amel 5 min, at 870 deg. C. (1600° F.). 


ruined by a continued gaseous effusion which 
sed severe blistering and lifting during firing and 
ping after firing. Fig. 4 shows the effect of the 
ing period on removal of such dissolved hydro- 
1. The wedge was baked 30 min. at 115 deg. C. 
10° F.) and fired at 870 deg. C. (1600° F.) 
ith vitreous enamel. Thicknesses ‘of the wedge up 
3/16-in. had been sufficiently freed of hydrogen 
iring the baking period and the enamel over this 
rea has a “‘boiled down’’ appearance. 


From Molecular Occlusion in Cavities 


The well known efficacy of aging and low tem- 
perature annealing for hydrogen removal unfor- 
tunately has been misinterpreted by many to mean 
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that all hydrogen may be so removed. In the pre- 
vious article’ this misconception was discussed. Nu- 
merous difficulties in industry are due to those por- 
tions of hydrogen which do not respond readily to 
annealing. The behavior of occluded molecular 
hydrogen, for example, is shown in the following 
experiment: 


A plate 2 by 6 by 3/16 in. was drilled as shown in Fig 

The holes were sealed and the plate was prepared for 
enameling in the standard manner by pickling. Hydrogen 
was absorbed and then occluded in the artificial cavities. 
Baking such a specimen can only serve to remove gas dis 
solved in the iron lattice; and some of that, of course, will 
also precipitate in the holes during baking. To insur 
removal of nearly all ordinarily dissolved hydrogen, the 
plate was baked for 11% hrs. at 115 deg. C. (240° F.) 
Fired with ground and cover coats of vitreous enamel, the 
specimen is shown in Fig. 5. The occluded gas redissolved 
at the firing temperature, defaced the ground coat as it 
effused from the steel throughout three successive firings 
totalling 14 min. at 870 deg. C. (1600° F.), blistered the 
cover coat and then continued after cooling to effuse from 
the re-charged walls around the cavity until some of the 
blisters were exploded away. (To he continued) 
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(Editorials—Continued from page 415) 


ores, with a minimum of thought on development 
of domestic substitutes. The word ‘substitute’ is 
beginning to creep into the official press releases, 
so perhaps the next logical step will sometime be 
made. That step would be to foster the interna- 
tional development of substitutes and their employ- 
ment in actual service (without too great regard 
to the present economic position of the substitute) 
by means analogous to the “educational orders’’ that 
are applied to production problems. 


The development of new technology applied to a 
substitute material often brings savings that could 
not be foreseen, and the economic picture is con- 
stantly changing. If the ‘know-how’ is worked 
out, we are ready to move the moment the economic 
situation warrants. Stock-piling of knowledge as to 
substitutes, their production and utilization, would 
be as useful a defense measure as some of the more 
obvious ones, Air nitrogen is a good example, When 
its technology was being worked out during the World 
War, the effort was primarily on a military basis 
regardless of cost. Few engineers considered it 
possible that air nitrate could compete with Chil- 
ean nitrate on a peace-time, purely economic basis, 
but once the know-how was established and quan- 
tity production was achieved, it did become the 
cheaper. Like developments might occur in many 
other fields, once we have the know-how.—H. W. G. 


That: Old: Proportional Limit 


In a useful article in February Product Engineer- 
ing, Hartmann deals with the use of fatigue test 
data in design calculations. In the course of discuss- 
ing the effects of stress concentration he brings out 
the effect of a very tiny amount of plastic deforma- 
tion in distributing stress that would otherwise be 
localized. In one particular case in the aluminum 
alloy 17 ST, a stress concentration factor of 2.4 
holds as long as the action is truly elastic, but there- 
after decreases considerably. 

In this particular alloy and treatment, he takes 
the point of incipient plasticity at 34, of the yield 
strength, remarking, “in aluminum alloys, as in many 
other metals, plastic action begins at stresses some- 
what below the yield strength, and the ratio 3/, is 
fairly representative of the point at which this action 
is likely to become noticeable in the type of behavior 
under consideration.’’ Using such a ratio may be a 
satisfactory approximation for a restricted class of 
materials, say for the strong aluminum alloys as a 
class, but to make that same approximation for an 
entirely different class of alloys such as work hard- 
ened 18:8 would be incorrect. So if one is to apply 
the general methods described by Hartmann to other 
specific cases, one must have the stress-strain dia- 
grams for the other metals. In other words, we need 
information on some such degree of incipient plas- 
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ticity as the old-time “‘proportional limit’ determina- 
tion purported to give. 

This was discussed editorially in our June, 1940, 
issue, but the point deserves making again. Since 
we are quite as vitally concerned, in much engineer- 
ing design, with the ability of a metal to give a very 
little very early, as we are with its ability not to 
give more than 0.2 per cent at some particular higher 
stress, should we not be paying much more attention 
than we usually do to the 0.02 per cent or even the 
0.002 per cent yield strength?—H. W. G. 


Youth and Age 


On Feb. 18, the Editorial Advisory Board of 
METALS AND ALLoys held its annual dinner. We 
were all saddened by the news that our friend 
Paul E. McKinney was not expected to live. He 
died that night. Dr. Johnston remarked that with 
deaths, incapacities and retirements of the older 
group of metallurgists, the balance of influence is 
definitely shifting into the hands of the younger 
men, and that he himself felt that we must look 
to men in the 30 to 50 group rather than to thos 
in or approaching their 60's for most constructiv: 
achievements. 

It is true that metallurgy in the United States, 
we know it today, arose in the lifetime and large! 
through the efforts of pioneers who are still livin 
and of others who passed away so recently that man 
of those now active have personal memories of them 
for example, of Howe, Campbell of Michiga: 
Campbell of Columbia, Sauveur and Moldenk: 
Though METALS AND ALLoys has not yet had 
very long history, it had articles by the last thre 
named. Of the Editorial Advisory Board of META! 
AND ALLoys, Mathews, Bassett, Spring and Bul 
have passed on. All of these were active and pro 
ductive, as was McKinney, right up to the end. 

Not the least of the virtues of this galaxy was 
the personality of each, their farsightedness, thei: 
lack of self-seeking, their forthrightness in though 
and expression, and their interest in the advance 
ment of metallurgy. All were active in technical 
committee work, and in that work they were con 
cerned with the long-time good of the industry, 
they never used their committee connections for the 
monetary advantage of their firms or clients. All of 
them came in contact *with many younger men. 
These younger men took on some of the attributes 
that made the older group so admirable. 

Dr. Johnston’s comment seems to us to be true in a 
strictly technical sense, in that, since the days of 
training of the older group, a variety of new tools 
and new techniques have arisen with which the 
younger generation is familiar, but with which, be- 
cause they have not personally carried out work 
of that type, the older generation is not familiar. 
Guidance of the youngsters by the oldsters must 
therefore be along broad lines, rather than in great 
technical detail. 
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But does not Dr. Johnston himself exemplify the 
best of what we have a right to expect from the old- 
sters? He may not be (though he probably is) up 
on the latest kink in calculating and plotting prob- 
ability data, but he can certainly size up a problem 
as one likely ‘to be solved by statistical attack, and 
set the youngsters to work on it. And his impatience 
with hasty conclusions, his insistence on real proof 
rather than half-proof and his habit of looking at 
things broadly, are of far more value to his staff 
and his firm than would be the ability to set up the 
latest electron tube circuit for some new and precise 
measuring device. 


letters 


Failure of Low Carbon Steel Tubes 


To the Editor: We have followed, with great interest, 
he letters discussing intergranular failure of low carbon 
el tubes that have appeared in METALS AND ALLOys dur- 
ig the past year. 
We are inclined to agree with Mr. Moore (April, 1940, 
ige 123) that intergranular failure of low carbon steel 
ibes is not unusual, and we wish to add a case to the 
ord. The microstructure observed in connection with 
rupture that has come to our attention is shown in 
accompanying photomicrographs. Fig. 1 shows inter- 
anular cracking adjacent to the rupture. Fig. 2 shows 
general condition of the tube metal at the same 
ation. 
[he failure occurred in a semiradiant superheater tube 
it had been in service for 18,151 hrs. and which nor- 
illy operated at 620 to 650 deg. F. 
As judged by the structure shown in Fig. 2, the tube 
etal temperature, at the rupture, must have been consid- 
ibly in excess of 650 deg. F.—probably owing to a 
spot—because no difficulty has been experienced with 
other tubes of the superheater. It would appear 





Fig. 1. Intergranular cracking adjacent to the rup- 


ture. Unetched. 100X. 
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Indeed, the ability to look at things broadly is 
transmittable by example to a large number of col- 
leagues and even casual acquaintances, while the 
teaching of mere technical details is a laborious and 
time consuming job for both teacher and student. 
McKinney's influence, for example, spreads far be 
yond the group at Bethlehem. 

It is not hard to recognize the people who do look 
at things broadly. When a youngster has an oppor- 
tunity to confer with, or to do committee work with 
individuals of that type, he should seize it, as a 
means to a very important part of his education. 


—H. W. G. 


TO THE EDITOR 





Fig. 2. S pheroidization of the structure and inter- 
granular oxidation in the ruptured area, Etchant: 3 
per cent nital, 5SOOX. 


that the intergranular type of failure herein presented was 

due to increased temperature without increase in stress 
GLENN COLEY 

Che Detroit Edison Co., and 

Detroit I. A. RouRIG, 


Metallurgist and research 
department, respectivels 


Metallography of Tin and Tin Coatings 


A discussion of the article “Metallography of Tin and Tir 
Coatings on Steel,” by O. E. Romig and D. H. Rowland 
The necessity for a double etch to reveal the FeSn. phase 
in sectioned hot-dipped tin coatings would appear to indi 
cate the existence of a progressive change of composition 
of the phase. Apart from purely mechanical disruption of 
the layer (exposing fresh surfaces for reaction), growth 
during annealing, found by the authors and previously by 
others,” * provides confirmatory evidence of composition 
gradients in the layer. It is interesting to note, however, 
that Ehret and Westgren® state that their X-ray photo- 
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grams show a very narrow uomogeneity interval correspond- 
ing almost exactly with the composition FeSn:. Photomicro- 
graphs in the present paper show no indication of the 
existence of ‘“FeSn’’ (B) or Me.S, (B’) in the compound 
layer, and this confirms the writer's conclusions expressed 
in former communications.” * From purely theoretical con- 
siderations, however, other (high-iron) phases should exist 
in the structure under stable conditions. One may suggest 
chat stable conditions are rarely obtained. It would be 
interesting to hear if the improved metallographical tech- 
nique described here has succeeded in revealing such phases 


to visual observation if not to the camera 


Kohman & Sanbor Ind. Ey Chem. 1927, Vol. 19, | 
WwW. D. Jones & W mM. Hoare / lron Steel Inst., 1934 
Ehret & Westgrer ; im. Chen Soc., 1933, Vol. 55, p. 1339 
+, W. E. Hoare: J ror inst., 134 UE), DP. 29a 
Intern ! I & 
) r ner ( un 


W. E. HOARI 


Authors’ Reply 


Mr. W. E. Hoare’s remarks regarding the composition 
of the iron-tin alloy layer in hot-dipped tin coatings are 
greatly appreciated. The authors agree with Mr. Hoare 
that from purely theoretical considerations alone other 
phases in addition to FeSnz should exist in the iron-tin alloy 
of commercial coke plate, but they have not as yet succeeded 
in revealing such phases. It is an interesting fact, however, 
that when polished cross sections of tin plate are dipped 
in a strong ammonium polysulphide solution, the alloy layer 
is not only etched, but non-uniformly so. Whether the 
non-uniformity of the etch is the result of concentration 
gradients, in the layer or the protective action of pre- 
cipitated iron sulphide, has not been definitely proven 
Further work is being done with this etchant and it is 
hoped that the results obtained may throw additional light 
on this problem.—(See Article, page 436) 


18:8 and Notched Fatigue 


[lo the Editor: This letter is in reference to the edi- 
torial “18:8 and Notched Fatigue’’ appearing in the 
December, 1940, issue of METALS AND ALLOYS. 

The high notch fatigue resistance of 18:8 is justly 
emphasized and suggestions are timely as to greater use 
of this material in machine parts and especially when high 
stress concentration is involved. It is believed that this 
torial is neglectful of the well-known, but too little used, 
principles of work hardening which may be applied to 
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carbon and alloy steels as a means of greatly increasing 
their fatigue strength at points of stress concentration. The 
local cold working of fillets, notches and other forms of 
stress concentration is being practically used with bene- 
ficial results. 

Since cold working phenomena are responsible for the 
favorable results with 18:8, as well as with carbon and 
alley steels, it would only seem apropos to give the latter 
steels proper mention. Especially since local cold working 
of carbon and alloy steels costs so very little. 


Chg. Ry. Engineering 
The Timken Roller Bearing ( 
Canton, Ohio 


QO. J. HORGER 


Granted. But we were talking about 18:8 rather than 
about the general topic. Double-subject letters are anathema, 
and double-subject editorials might well be. Cold working, 
as exemplified by shot-blasting of springs, is very effectively 
used on non-austenitic steels. But the relative response to 
cold work is even greater with the austenitics—H. W. G 


Metals and Alloys in the Dairy Industry 


To the Editor: In the excellent article by Dr. Trebler on 
Metals and Alloys in the Dairy Industry” in your issue 
of December, 1940, reference is made to the fact that glass- 
lined or glass-enameled steel tanks for transport purposes 
have gone out of favour because of the difficulty of re- 
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pair if accidentally cracked or chipped. This problem pre- 
sented itself on one of the Railways associated in this 
Laboratory some time ago and it was overcome success 
fully by making good the places where the glass lining 
was chipped or perforated with pure tin applied by means 
of a metallising spray pistol. It was found necessary to 
sand-blast first in order to get a tooth on the glass round 
the perforation and to secure proper adhesion to the steel 
below; without this precaution the deposited tin simply 
lifted off again quite easily. Tanks repaired in this way 
have been in service now for more than a year and are 
still giving every satisfaction. 
H. N. BASSETT, 


nt Chemist 


British Argentine Railways Committee, 
Central Laboratory, 
Buenos Aires, Argentina 


A Poem 


To the Editor: A student engineer usually has a difficult 
time writing such things as letters of application. In a 
moment of relaxation during the process of concocting a 
suitable letter, I wrote this little poem which stated what 
I would like to say if the) would only believe it! 

A fellow student urged me to send it to you. So here 
it 1S: 


A Metallurgist’s Letter of Application 


Do you want a man who's plenty hot 

At tossing alloys in the pot? 

Who knows his bricks from quartz to clay? 
And one time damn near got an ‘A’? 


Who'd scare the phos into the slag? 
(And though he wouldn't like to brag), 
Could cut down grain size in a casting 
And make a metal really lasting? 


To whom corrosion would be no puzzle 
For he would quickly put a muzzle 
On Profs and Docs and other guys 
Who still think we can’t metallize? 


Well I'm the guy you've waited for 
I'll work for you from eight to four, 
Increase production so much more 
Than you have ever seen before. 


I'll raise your stocks and bonds so high 
That they will tower in the sky! 
And riches, glory, fame, will be 
All yours, if you'll just hire ME!!! 
! ROBERT L. NICHOLS 
727 15th Ave., S.E. B. Met. E. ’°41 
Minneapolis, Minn. Univ. of Mint 





Live and Learn! — A Chuckle 


Our attention has been called to a paragraph in a briet 
article on—'‘The Vending Machine’—in a house organ— 
‘The Thread of Life’’-—of the State Mutual Assurance Co. 
of Worcester, Mass. From the description of the machin« 
the following is cited by John M. Clauser of the Midvale 
Dental Supply Co., St. Louis: 


“The machifie, however, holds its own fairly well, 
and is often more than a match for the human 
experimentalist. The dropped coin is subject to many 
tests before it is finally accepted. There are magnets 
which divert copper and brass, there are ‘bouncers 
which refuse to pass lead, and finally, there is a 
‘feeling wire’ which will not pass a smooth slug but 
will accept a genuine coin upon which the proper 
reliefs have been impressed at the mint.” (Italics 
supplied) 
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Welding and Gas Cutting 


modern fabrication methods are today 
oing considerable evolution in the 
n of increased speed—foundry engi- 
ure ““mechanizing’ their operatiens 
utmost; forging shops and depart- 
mploy bigger, faster presses, longer- 


ies, higher-production heating meth- 
( d welding processes are being made 
n ficient through the development of 
be 1ethods and equipment for resistance 
“ g, arc welding, gas welding and gas 
Cl Some very recent innovations in 
ti lding field are described in the fol- 
le paragraphs. 


Sp. Welding of Aircraft Aluminum 


w high-speed production process for 


S| welding aluminum alloy sheets for 
aircratt has been announced by Progressive 
rt r Co., 3050 E. Outer Drive, Detroit. 
The process is said to be based on a new 


Operating principle and to produce welds 








in aluminum alloy with uniformity com- 
parable to that attained in the production 
welding of steel. 

The new process is claimed to involve 
no costly or complicated “energy accumu- 
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lators,’ to obviate special skill on the oper- 
ator’s part, to produce welds entirely free 
from cracks and blowholes, and to yield 
joints of strength well in excess of govern- 
ment specification. 

The principle of the new process is based 
on the use of all three phases of 3-phase 
alternating current, with the proper wave 
form developed in such a raanner as to 
permit accurate control of welding current. 
The current is passed through a converter 
(which eliminates the negative portions of 
the waves), and the resulting pulsating 
current with a 300 deg. time cycle is passed 
through the welding transformer and gives 
a secondary current wave form that is ideal 
for aluminum. 

The flexibility of the equipment permits 
the spot welding of aluminum sections 
totaling 4 in. down to the thinnest weld- 
able sheet on the same machine. The chief 
problem in the welding of aluminum- 
supplying sufficient current to do the work 
for a very short interval, is believed to be 
solved by the new method. 


New Resistance-W elder Tube 


A new ignitron tube, type GL-415, for 
resistance welder control, developed by 
General Electric Co., Schenectady, N. Y., 
utilizes a umique water cooling system 
The water jacket construction formerly 
used for such tubes has been replaced by 
a special plate into which the tube is fitted 
and which serves as a combination cooling 
medium and cathode connection. 

The plate consists of a brass block with 
water passages through it. Because there 
are no water connections to the tube itself, 
the latter may be removed and replaced 
very easily. The new tubes’ ability to pass 
high peak currents makes them ideal for 
current-control of resistance welders. A 
pair of these tubes can control two 260 
k.v.a. on a 514% duty cycle. 
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Applications 
Design 
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New High-Strength Electrode 


A shielded arc type of electrode specially 
designed for welding high-carbon or alloy 
steels that are to be machined and flame 
hardened or heat treated is now available 
from Harnischfeger Corp., 4513 W. Na 
tional Ave., Milwaukee. The new electrode 
is called ‘“Harnimoly’” and joints made 
with it are not only easily machinable in 
the as-welded state but have strong and 
uniform response to flame-hardening and 
heat treatment. 

The physical properties given for the 
electrode are 85,000-90,000 Ibs./in.’ tensile 
strength, 65,000-70,000  Ibs./in.? yield 
point, and 15-20% elongation in 2 in 
Flame hardening will develop a weld metal 
hardness of 415 Brinell, it is said. 
Riser-Cutting Apparatus 

For the convenient removal of riser heads 
from metal castings, Air Reduction Co., 60 
E. 42nd St., New York, has introduced a 
new line of manual cutting apparatus com- 
prising 2 torches and 3 tips. 

The new torches, styles 3180 and 9080, 
are of the straight-head type. Each is 21 
in. in length and cutting oxygen can be 
controlled by either a lever or trigger. The 
new types are, respectively, bent to 75 deg., 
bent to 90 deg., and without bend. The 
new types are said to feature greater 
maneuverability in cramped quarters 

This new apparatus is also applicable for 
the removal of rivets, for construction and 
repair jobs in shipyards, and for standard 
hard torches for general use. 


@ The flame hardening of castings has 
often been complicated by the problem of 
water quenching, and cast iron analyses 
have been sought that would flame harden 
on air cooling. Acme Foundry Co. of De- 
troit has evidently found this in a chro- 
mium-molybdenum iron (called by them 
“Hi-Tensilloy”), which can be flame hard- 
ened without a water q;uench to meet a 
specification of 460-600 Brinell. The iron 
contains 3.30% total C, 1.60 Si, 0.50 Cr 
and 0.30 min. Mo, and is used for large 
drawing dies and similar castings, reports 
Climax Molybdenum Co., New York. 
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Metals in a New Coffee-Maker 


The vital importance of metals, and of 
special engineering knowledge of their 
versatile properties, in the design of mod- 
ern electrical appliances is clearly demon- 
strated by the new electric coffee-maker 
develope 1 by General Electric ¢ . Bridge- 
port, Conn. The design of such a unit 
involves problems of selecting materials 
tor heating elements, contacts, switches, 
magnets, posts, rods, thermostat bi-metals, 


springs, fastening, base, plated surface, etc 


ind entails familiarity with steels. stainless 

illoy nickel alloys, copper alloys, light 
plastics, finisl tc 

a 





Some ingenious design features depend- 
ing on the use of special nickel alloys are 
cited by the International Nickel Co., Inc. 
New York. Thus, the fully automatic per- 
formance of this new glass-bowl vacuum- 
type electric appliance is made possible by 
a magnetic switch located within the elec- 
tric stove and operated by a powerful but 
exceptionally small permanent magnet made 
of Alnico (aluminum - nickel - cobalt - iron 
alloy). 

Within the siphon tube inside the bowl 
is a Monel metal connecting rod, with a 
pure nickel disk at its lower end serving 
as the magnet’s armature; a Monel disk 
riveted to the upper end serves to lift all 
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three pieces at the proper time. 

Thus, when the starting button is re. 
leased, the Alnico magnet is freed to be 
pulled up by magnetic attraction to the 
nickel disk, even though the glass bottom 
of the bowl separates them. When the 
heated water in the lower bowl finally de 
velops enough pressure to rush with a 
tremendous surge up the siphon tube, ir 
pulls the disk assembly up with it: the 
Alnico magnet, its magnetic support gone. 
drops and shuts off the current. 

The pure nickel of the armature not only 
contributes its mnon-corrodibility but has 
the exact magnetic qualities required for 
this device, and is said to permit great 
variation in bowl thickness than when iron 
armatures are used. The invar (nick 
iron alloy) posts, with their low rate of 
heat transfer aid in preventing overheat 
of the plastic base. 


Monel Carrier Rod 


80% Nickel 
20% Chromium 
Heating Elements [ Monel Clip 





Invar Posts Alnico Magnet 


Monel spring clips are used for 
ing the strainer, because of their 


resistance, corrosion resistance an n- 
scratching effect on glass. Nickel-ch: m 
heating elements, of course, are ed 
for longest life, temperature uniform id 
cycle-by-cycle dependability in this f: it, 


high-current-capacity application 


Automatic Bending Machine 


A new power-driven automatic b ng 
machine, manufactured by Parker Aj Ce 
Co., Cleveland, will be shown for the frst 


time at the forthcoming A.S.T.E. Mac ine 
& Tool Progress Exhibition. This machine 
is designed primarily for bending copper 
and aluminum alloy tubing up to 4 in. 
O.D., and annealed steel tubing up to 244 
in. O.D. It is also applicable for bending 
equivalent structural shapes. 

The machine operates in 2 automatic 
cycles—bending and return. Change-over 
from left to right hand bending can be 
made quickly. Production of 250 right-angle 
bends per hr. is said to be easily main- 
tained on this new machine. 


@ To increase the number of “pushes” 
between successive redressings on extrusion 
dies, one large plant is using colloidal 
graphite as a lubricant in making extruded 
architectural and other shapes of aluminum 
alloys, reports Acheson Colloids Corp., Port 
Huron, Mich. Life between redressings 
has been extended 20% and an improved 
product surface with reduction in scrap 
has been obtained. 
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Gas-Fired Non-Scaling Furnace 


According to Trent Engineering Labora- 
tories, 316 No. 22nd St., Philadelphia, the 
Wall-Trent Model W furnaces are oven- 
furnaces designed to give rapid, scale-free 
heating through efficient circulation of the 
products of combustion in the furnace. 

[he construction of these furnaces is 
such that a number of burners are fired 

lerneath the arch and discharge the prod- 

of combustion at the bottom of the 
rth on the sarne side. The furnaces are 
gned for any heat treating operation 
100 to 1800 deg. F., with higher 
ratures available through changes in 
r size and insulating refractory. 
indicated in the illustration, the fur 
ire sturdy, being built around a heavy 
framework. The best quality insulat- 
refractory is used for the furnace inte- 
backed by a_ low-heat-conductivity 
permitting very rapid heating-up. 


-— 





air-gas ratio can be set to produce 
ing or neutral atmosphere, and pre- 
ling. No flame impingement is pos- 
th correctly-loaded furnace. 


é ting Plates Research, Inc., has 
la 1 a 3-year research program to be 
co ted at Battelle Memorial Institute, 
Ci bus, Ohio. The purpose is to develop 
n roducts and new uses for the manu- 
facturing facilities of the electrotype and 
stercotype foundries associated with the 
letter-press field of printing. B. W. Gonsor 
and 2. M. Schaffert will direct the program 
telle. 


New Roofing Sheet Lead 


_ An improved type of roofing sheet lead 
tor which are claimed the advantages of 
lighter weight, greater tensile strength, 
lower installation cost, and reduced tendency 
to creep, has been introduced by Revere 
Copper & Brass, Inc., 230 Park Ave., New 
York. 

The new sheet lead roofing, known as 
“Roofloy,” is made from the purest pig 
lead strengthened by judicious additions of 
calcium, magnesium and tin. These ele- 
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ments so improve the mechanical properties 
that the sheet can be rolled and used in 
thinner sheets than has heretofore been 
possible for such applications, it is said. 

The creep resistance of Roofloy is claimed 
to be more than 10 times that of ordinary 
commercial sheet lead, and to be stable up 


to 180 deg. F. Because of this, failures 
from creep can be obviated, and this factor, 
together with the material's greater tensile 
strength, permits the use of Roofloy in 
much thinner sheets than ordinary lead, 
with a consequent saving in weight. 


Although on a _ pound-for-pound basis 


Roofloy costs more than ordinary lead, the 


materiai cost for a job is always smaller 
with Roofloy because less of it need be 
used. It can also be used on steeper slopes 
than those considered safe for ordinary 


lead. 


@ According to the Standard Steel Spring 
Co., Coraopolis, Pa., the Corronizing meth 
od of surface coating provides a means 
for conserving vital metals, such as zinc 
Thus, zinc for plating requirements can be 
reduced 90% without sacrificing corrosion 
resistance or durability through the use of 
the new electrolytic process, it 1s said 





ALTER EGO: Literally “one’s other self’’—the still, small voice 


that questions, inspires and 


ALTER EGO: Certainly the Whizz Electrode 
demonstrator showed you speed almost 


as good as with ‘“‘Fleetweld.”’ 


But the speed really was good, 
and the weld looks OK. 


ALTER EGO: Yes, but, most of all, the dem- 
onstrator was good. How about the con- 


ditions of the show? 


Come to think about it—it was 


just a show. 


ALTER EGO: Right. ’T was the work ofa good, 
biased demonstrator. What counts are the 
results of our own men—the SPEED and 
QUALITY they can attain and main- 


tain under production conditions—hour 


Copyright 1941, The Lincoln Electric Co. 


corrects our conscious action. 


after hour—day in and day out. 


Well, isn’t ‘“‘Fleetweld”’ just the 
ticket for that? What are we 


waiting for? 
* * 


LINCOLN SUGGESTS: Study of weld- 
ing production methods often increases 
speeds as much as 50% through the use 
of work positioning, revised technique 
or better types of electrodes. The “‘Pro- 
cedure Handbook” ($1.50 postpaid) 
on page 210 contains valuable infor- 
mation on this subject. Or perhaps the 
Lincoln man nearby can be of service 


to you. No obligation, of course. 


LINCOLN oot “Ako. WW ELDING ™ uncoun EcTRi ‘company 





Largest Manufacturers of Arc 


Welding Equipment in the World 
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New Metal-Spray Gun 


A new type of metallizing gun has been 
developed for metal-spraying—a process 
that is growing in use for repairing and 
building up cracked or worn shafts, rolls, 
machinery parts, casting, etc., and for the 
application of corrosion-, heat- or wear- 
resistant metal coatings. 


The new gun, called the Type 2E Metco 
metallizing gun by its manufacturer, Metal 
lizing Engineering Co., Long Island City, 
N. Y., has 2 outstanding new features 
the ‘controlled power’ unit, which gives 
an absolutely uniform and steady wire 


feed, and eliminates the need for gear 


LME | 


POWDER METALLURGY 





changes; and the “universal gas head,” 
which allows the use of acetylene, propane, 
hydrogen, natural or manufactured gas with 
balanced pressures and without changing 
heads. 


The metal wire is automatically fed into 
the gun at an adjustable speed, where it 
is melted in a concentrated flame, atomized 
by compressed air and sprayed on any base 
material. The gun may be used either as 
a hand tool for large Structures or as a 
lathe tool for building up shafts, rolls, 
pistons, etc. Any metal obtainable in wire 
form may be used as coating material. 

The new gun also has improved spraying 
characteristics—extremely fine coatings are 





RESEARCH LABORATORIES AND OFFICES 
320 Yonkers Ave., Yonkers, N. Y. 





FACTORY 
Lewiston, Maine 











obtained at production speeds, and continu- 
ous operation without sacrifice of quality 
is thus possible. Improved nozzle and jet 
construction reduce gas consumption. The 
maximum air pressure required is 65 Ibs. 
per sq. in. The gun is said to be light in 
weight but rugged in construction. 


Induction Heater for Small Parts 


Plants in which the installation of elab. 
orate heat-treating equipment is not war- 
ranted, yet which recognize the engineering 
advantages of induction heating will be 
interested in the new, streamlined Tocco 
Utility Junior machine of 20 kw. (output) 
capacity, just announced by the Od; 
Crankshaft Co., 6600 Clement Ave., Cleve- 
land. 

Specially designed for heat treating small 
parts, the new unit sells at a new low 
price and is offered in 2 models—one for 
applications not requiring quenching, and 
the other for localized Tocco-hardening. In 





the hardening machine (illustrated) a | ins- 
former housing and work pan have ‘cen 
added to the otherwise flat-topped bas - 20 
kw. unit. Both models use the same /iigh- 
frequency motor generator sets, supplying 
9600 cycles of high-frequency current at 
220 v. 

The variety of small parts that can be 
heated or surface-hardened on these units 
is said to be unlimited. Fixtures and coils 
are designed to meet user's specifications. 
Power consumption is described as ¢x- 
tremely low. 


@ A two-tube laboratory combustion fur- 
nace is now being manufactured by Harry 
I”. Dietert Co., Detroit, in addition to the 
previously-announced single-tube combus- 
tion furnace under the Varitemp trade 
mark. The furnace, which is heated by 4 
Globar heating elements, will produce 4 
maximum temperature of 2750 deg. F. 


@ National Gypsum Co. has announced 
the purchase of the assets of the General 
Insulating & Mfg. Co., makers of Gimco 
rock-wool products and insulating material. 
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@ A new, low-cost, general-purpose timer, 
capable of providing accurate automatic 
timing control for virtually any operation 
requiring cycling or sequencing in seconds 
or fractions of seconds, is announced by 
Weltronic Corp., 3071 E. Outer Drive, 
Detroit. The new device operates on the 
electronic principle. 


Powder Metallurgy Presses 


New and larger rotary tablet compressing 
machines applicable for compressing oil- 
less bearings, iron magnet cores, valve seats, 
small iron gears, pump seal rings, motor 


brushes and many other products of powde: 
llurgy are offered by F. J. Stokes Ma 
Co., Philadelphia. 


[he new machines are capable of apply- 
ing 30-ton pressure and producing parts 
with a maximum diameter of 214 in. Each 
machine has a maximum die fill of 4 in., 
is arranged for making cored and special- 








sI pieces, has 10 sets of punches and 
di | applies pressure to both top and 
bot simuitaneously. 

Tic mew machines are very rugged and 
stand 8 ft. 4 in. high. A patented com- 
bine’ pressure release is provided to spill 
overloads and prevent jamming or break- 
ing. The output of the machine is 150 
pie per min. with all punch and die 
sets in use. 

a than 20 tons of copper sheet was 
used for expansion joints and water seals 
in the tunnels of the new super-highway, 
the Pennsylvania Turnpike, which connects 


Harrisburg and Pittsburgh. Additional tons 
of copper-silicon alloys were used for elec- 
trical conduit, bolts, angles, pipe supports 
and other applications, reports the Copper 
G Brass Research Assoc., New York. 


Personals 


Tracy C. Jarrett, formerly assistant metal- 
lurgist with the American Optical Co., 
has been appointed chief metallurgist for 
Koppers Co., American Hammered Piston 
Ring Div., Baltimore, Md. . . . Chas. H. 


Hoefer has been made general superin- 
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tendent of Duraloy Co., Scottsdale, Pa. 

. J. A. Buell, chief engineer, and Myles 
Morgan, assistant chief engineer of Morgan 
Construction Co., Worcester, Mass., have 
become vice presidents of that company. 

G. C. McCormick and W. R. Blair, for- 
merly of General Alloys Co., are now 
president and vice president respectively. of 
a new company, Sterling Alloys, Inc., Wo- 
burn, Mass. . . . Ray P. Farrington has 
resigned as vice president of Alloys Plating 
Laboratories, Pittsburgh, to become chief 
inspector of the Philadelphia Ordnance 
District, Army Ordnance Dept. 


C. E. Swift now directs the development, 
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production and distribution of Ampco- 
Trode welding rods for Ampco Metal, Inc., 
Milwaukee, Wis. . . . Raymond E. Christie, 
previously assistant to the president, was 
recently elected vice president and director 
of Crucible Steel Co. of America at New 
York. 

Howard A. Smith, erstwhile Duraloy 
Co. metallurgist, is now research metal- 
lurgist with Universal Cyclops Steel Corp., 
Bridgeville, Pa Carpenter Steel Co. 
has announced the promotion of E. J. 
Poole, Jr. to be vice president in charge of 
manufacture, and of Frank R. Palmer to be 
vice president in charge of sales. 
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For Scale Free Hardening Miscellaneous Products 


- = = 300 to 1700 Ibs per Hour 


. . . Investigate E F Chain Belt Conveyor Furnaces 


Hundreds of these dependable E, F. Continu- 
ous Chain Belt Conveyor Heat Treating units 
are in operation—handling all kinds of prod- 
ucts, ranging in size from small springs and 
bearing parts up to large crawler links for 
tracters. 


The material is loaded directly onto a rugged 
heat resisting cast link belt conveyor. Without 
further attention, it is carried through the fur- 
nace, uniformly heated to the proper tempera- 
ture and automatically discharged through a 
sealed chute to the quenching medium or di- 
rectly from the furnace as desired. The chain 
belt conveyor returns within the furnace with- 
out cooling . .. no pans or trays are used in 
the furnace . . . 100% net material. 


These furnaces are built for oil, gas or elec- 
tric heat in 5 standard sizes with capacities 
ranging from 300 to 1700 Ibs. per hour. Larger 
or smaller sizes can also be furnished. They 
are also designed for using special protective 
atmospheres for scale-free heat treating and 
hardening without decarburization, 


The hundreds of installations in operation 
handling all kinds of material, have proven 
them the most satisfactory and dependable 
general purpose heat treating machines built 
for the uniform, economical, production heat 
treatment of miscellaneous small and medium 
sized parts and products. 


We will be glad to give you complete infor- 
mation, including installation and operating 
costs and submit heat treated samples if inter- 
ested. 


The Chain Belt Conveyor Furnace is only one of the numerous types we build for 
various heat treating purposes. We build Gas Fired, Oil Fired and Electric Furnaces in 


various types 


furnaces for any process, product or production. 


We solicit your inquiries. 


The Electric Furnace Co., Salem, Ohio 


| . tana } 
Loas Fire J ack | 
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@ George Scherr Co.. In 125 Lafayette Leed 
St.. New York, is now exclusive sales dis- 
W ildes 


accurate 


& Northrup Co., 4934 Stenton Ave., 











































Philadelphia. The unit is a small electric 


tributor for the micro-projector. furnace that provides a zone of practically 


The latter is an machine for uniform temperature for the intercompari- 


measuring or comparing objects by means son of laboratory standard couples and for 
f a magnified shadow image and is used comparison of laboratory standard and plant 
N inspecting gears, screw threads, punch standard couples 

t A mew accessory that increases accuracy 


is a cylindrical copper equalizing block that 
into the block are 


drilled 5 wells to hold the standard couple 


fits inside the furnace: 


Thermocouple Checking Furnace 


Greater checking accuracy and _ widet and 4 couples being checked. The block 
temperature range are features of the newly permits +1 deg. F. checks from 70-100 
igned therm ple checking furnace of leg. F., whereas without it checks can be 


FREE! 
A SCIENTIFIC PRESCRIPTION 


for 
Soldering Practice in Your 
Production 


Here’s a service that 
may be of vital importance 
in many operations in your 
production. 

In this day of alloys, 
the solder problem is compli- 
cated. For best results, solder 
must be exactly adapted to the 
work at hand. This means that 
the right solder-alloy and flux 
must be used in the right 
strand and core-size. 

At Kester you have available 100 different solder-alloys and 10 different 
solder-fluxes, 80 different solder strand-sizes and 4 different solder core-sizes. 
The big thing is to get the right combination of these four elements for each of 
the metals involved in your production. 

Here’s the way to get this important information. Just mail a descrip- 
tion of your soldering operations to the address below. Your Kester Solder- 
Prescription will come forward to you promptly. 

You place yourself under no obligation by making use of this free scien- 
tific soldering service. 

* 











The Symbol of Kester Solder Prescription Service. 


KESTER SOLDER COMPANY 


4219 Wrightwood Avenue, Chicago, Illinois 
Eastern Plant: Newark, N.J. +- Canadian Plant: Brantford, Ont. 


KESTER CORED SOLDERS 


STANDARD FOR INDUSTRY 









made within 3 deg. F. from 300 to 1800 


deg. F. 
The furnace is available with heating 
elements for either a.c. or d.c. on 115 or 


230 volts, the input ranging from 40 watts 





at 300 deg. F. up to 1000 watts at 
deg. F. Working space inside is 4 in in 


diameter and 36 in. deep. 


Large Autoclave Casting 


An autoclave of 350 gallon capacity, ro- 
duced from acid and corrosion r nt 
metal, was recently cast for an | n 
chemical company by Ampco Meta 
Milwaukee. The metal used for this _rge 
casting was Ampcoloy E-1, an alu: m 


bronze of controlled analysis. 





The autoclave has an overall height of 
5 ft. 3 in., while its diameter at the top, 
with flange, is 4 ft. 1014 in, The body 
itself has an inside diameter of 3 ft. 8 mM. 
and the walls are 114 in. thick. The total 
weight of the casting was 5,014 Ibs. 
ALLOY $ 
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Shell Coating Machine 


A machine that automatically coats both 
the inside and outside of shells is now 
available to manufacturers from the DeV/l- 
hiss Co., Toledo. The new machine is capa- 





iting shells from 37 mm. to 105 


ion is entirely-automatic, except 
ng and unloading shells on the 
spindles. Synchronization is such 
the interior of one shell is being 

exterior of the preceding shell 
sprayed. The machines can coat 
hells with all spindles continually 


tion to shells, the DeVilbiss ma- 

used to coat tail pieces and 

ft ty-bomb sub-assemblies. Produc- 

ti he former is up to 2400 per hr.; 
tter, up to 300 an hr. 


In od Heating of Bearing Cones 
| method in use for heating bear- 
ing ; prior to assembling them on 
sh here a tight press fit is required, 
in the use of infra-red rays, accord- 
4 





ing to Timken Roller Bearing Co., Canton, 
QO. 

Three trays about 4 ft. square are set up 
with about 12 in. vertical space between 
them; the middle tray, of Pyrex glass, con- 
tains the bearing cones stacked in their 
containers, while the top and bottom trays 
each carry seven 250-watt infra-red bulbs 
in gold-plated reflectors. About 20 min. is 
required to heat a bearing to 155 deg. F., 
during which time the cardboard containers 
remain relatively cool. 

When this method of heating is used, it 
is not necessary to wash off the protective 
coating that is put on the bearings at the 
time of packing. 


@ The Anglo-American Metal & Ferro- 
Alloy Corp. plans to engage in the manu 
facture of nickel alloys and allied products 
in addition to its present field of activity. 
The new nickel alloy business will be 
under the name of American Nickel Alloy 
Mfg. Corp., and both companies will main- 
tain new offices at 50 Church St., New 


York 


@ Carl Zeiss, Inc., 485 Fifth Ave., New 
York, states that its plant is now manu- 
facturing the Zeiss Micro-Hardness tester, 
said to permit accurate hardness testing of 


microscopic areas on metal surfaces 





Bringing Heat-treating Certainty 
to hundreds of defense projects 


In naval, army ordnance, and aircraft work, 
as well as in hundreds of plants tied in 


with 


the defense program, ‘Certain 


Curtain” furnaces are increasing produc- 
tion, forestalling spoilage, and improving 
working life of tools and dies. The pat- 
ented Hayes control of furnace atmos- 
phere permits the most difficult steels and 
the most delicate tools to be heat-treated 





C. Il. HAYES, INC., EST. 1905, PROVIDENCE, R. I. 


R. G. HESS 


3 E. F. BURKE J. E. FIGNER C. A. HOOKER W. G. PRAED 
92 Liberty St. 4614 Prospect 6388 Penn Ave. 202 Forest Ave. 4939 N. Talman 
New York Cleveland Pittsburgh Royal Oak, Mich. Ave., Chicago 


“Onn, 


at an “all-out” pace with bullseye cer- 
tainty. With our doubled capacity, we are 
scheduling new orders for reasonable 1941 
delivery. 
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Dust and Fume Collectors 


A new line of unit dust collectors in 
2,000 to 10,000 c.f.m. capacities is an- 
nounced by Claude B. Schneible Co., 3951 
Lawrence Ave., Chicago, and should inter- 
est many metallurgical engineers concerned 
with foundry operations, pack-hardening, 
blast cleaning, spray finishing, etc. 

The new models, designated type “UC, 
consist of a fan, 5-spray curtain tower, 


pump, settling chamber and sludge ejector- 


conveyor. The collector tower is of the 


Multi-Wash design. It is claimed that heavy 





particles are precipitated in the lower inlet 
cone of the collector, fines being collected 
and washed back into the sludge chamber 
by the downward-moving water-spray cur- 
tain. 


@ The Summerill Tubing Co.., 
Pa., is establishing a series of prizes, to 
be awarded by the American Welding 
Society, 33 W. 39th St., New York, at its 
October 1941 meeting, for papers to ad- 


Bridgeport, 


vance the art of welding of aircraft steels, 
including tubing and steel parts for tubular 


DURALOY  _ 





. Chrome- 


roduces 


castings in the i 


and with 





lro ’ 
t of 19 years 


me-Nickel 
n and on 





eal 





Isn't that the kind of a casting you want—one backed by plenty of experience? 


You will be assured (1) of the proper alloying elements for the conditions to be 


met; (2) of a sound casting throughout. 


Duraloy has the plant, equipment and experience to turn out just about any kind of 
a high alloy casting, with chromium nickel, molybdenum, and others as the alloying 
elements to meet conditions of corrosion, high temperatures, and abrasion. Write for 
our general catalogue. 



































business. 


get. 


Since 1931 we have been making high alloy centri- 
fugal castings on a commercial basis. That makes us 
also experienced in this phase of the alloy casting 
You should investigate these castings for 
all your requirements, If they fit into the picture at 
all they would be superior to anything else you could 
The metal is stronger and denser than that in 
static castings. 


THE DURALOY COMPANY 


Office and Plant: Scottdale, Pa. 
EASTERN OFFICE: 12 EAST 41st ST.. NEW YORK, N. Y. 


Scranton, Pa. 
0 


Detroit 
The Duraloy Co. of Detroit Coffin & Smith 





Metal Goods Corporation 


Los Angeles 
Great Western Steel Company 


St. Louis 





assemblies. Information on the prizes, which 
total $600, may be obtained from the 
Society. 


@ Carboloy Co., Inc., 
the addition of 5 new styles to its low. 


Detroit, announces 


price mass production line of standard 
tungsten carbide tools. Available in 21 
sizes, the new tools are all carried in stock 
and comprise 4 off-set types and a 2-way 
square-shank turning style—almost all 
available in both a steel-cutting grade and 


an ordinary grade. 





Meetings and Expositions 


ELECTROCHEMICAL SOCIETY, spring 
meeting. Cleveland, Ohio. Apr. 
16-19, 1941. 

AMERICAN PETROLEUM INSTITUT! 
division of production. Pittsburgh 
Pa. Apr. 17-18, 1941. 

AMERICAN INSTITUTE OF MINING 
METALLURGICAL ENGINEERS, n 
tional open hearth steel conferer 
and blast furnace and raw ma 
rials committee meeting. Chica 
Ill. Apr. 23-25, 1941. 

NATIONAL METAL TRADES Assoc 
TION. Chicago, Ill. May 8-9, 1° 

NATIONAL ELECTRICAL MANUI 
TURERS ASSOCIATION. Hot Spri: 
Va. May 12, 1941. 

AMERICAN FOUNDRYMEN’S ASSO‘ 
TION, annual meeting. New Y 
N. Y. May 12-15, 1941. 

AMERICAN SOCIETY FOR MBI1 
Western Metal Congress 
Western Metal Exposition. 
Angeles, Calif. May 19-23, 1' 

AMERICAN INSTITUTE OF CHEMI: 
ENGINEERS, semi-annual meet 
Chicago, Ill. May 19-21, 1941 

AMERICAN PETROLEUM INSTIT" 
mid-year meeting. Fort Wo 
Texas. May 19-23, 1941. 

AMERICAN IRON & STEEL INSTIT! 
general meeting. New York, 
Y. May 22, 1941. 














FREE SERVICE DEPARTMENT 


Replies to box numbers should be aa- 
dressed care of METALS AND ALLOYS, 
330 W. 42nd St., New York. 


POSITION WANTED: Metallurgist, 39, 
Ph.D., 12 years non-ferrous metals laboratory 
and nlant experience including metallography, 
physical testing, heat treatment of aluminum, 
magnesium, red and white metals, coatings, 
successful research worker, 4 years in _this 
country, employed, desires responsible position 
in plant or research laboratory. Box MA-S. 


POSITION WANTED: Metallurgist, 5 years’ 
experience in development research in non- 
ferrous and ferrous metallurgy, B.S. and Ph.D. 
in metallurgical engineering, also 5 years’ ex- 
perience in chemical analysis previous to col- 
lege work. Prefer development research in non- 
ferrous process metallurgy. Married and Amerr 
can citizen. Box MA-6. 


METALS AND ALLOYS 
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Shop notes 





Fast Repair of a Special Tap 


by F. T. 


Van Syckel 


Handy & Harman 


irge mid-west plant a special 13 


73 
in speed steel tap was shattered in 
Sel It broke in 10 pieces of various 
siz | shapes (see top photo) and 
thi 1 to tie up production on an im- 
pol ob. 

ck-up with tool manufacturers 
bro the advice that a new one could 
not lelivered for 6 weeks, so the tool 
mai nce department decided to attempt 
a The head of this department, 
fan with high speed steels, knew that 
wel was practically impossible but be- 
lie at brazing with low-temperature 
sil\ razing alloys might solve his 
pro! 

A lingly, he had all parts cleaned 
care! and fluxed with a low-tempera- 
ture x. The broken parts were then 
assemhied and held close together in a 
milling machine vice. Heating was done 
with an oxyacetylene torch; a medium- 
silver brazing alloy (“Easy-Flo”) flowing 
freely at 1175 deg. F. was used. The ex- 
ceptional penetrating qualities of this alloy 
aided in flowing throughout the many 
surfaces that had to be joined. The tap as 
it looked after this repair-by-brazing was 
accomplished is shown in the lower picture. 


How well this repair was completed 
can be judged by the fact that the tap was 
back in service in 4 hrs. That was last 
October, and a report dated January 11, 
1941, states that the tap is still in use. 
The actual brazing time for the job was 
but 14 hr. and only 3 in. of 1/16 in. diam- 
eter silver brazing alloy wire was used to 
make the repair. , 

The only fault detected after brazing was 
that the tap was 0.005 in. out of center, 
which happened to make no great differ- 
ence on the particular work being done. 
The job did prove conclusively, however, 
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that a braze of this type gives plenty of 
strength to withstand severe service condi- 
tions. 








Porosity in Aluminum Castings 


Pinholes and gasholes when found in 
“Y” alloy and other aluminum alloy cast- 
ings are normally due to shrinkage, and 
shrinkage may be caused by a number of 
things- pouring the metal too hot, over- 
heating the metal during melting so that 
it is “burned” or oxidized, or the use of 
inadequate heads and risers on the casting 
to feed the large amount of shrinkage 
during cooling. 

Therefore, caution should be used so 


that the metal is not overheated during 
melting, that it be poured into the mold 
as cool as possible without producing cold 
shots in the finished casting, and that gates 
and risers be of ample size to feed the 
casting until after it has set. 


Porosity of this type may also be reduced 
in casting by judicious placing of chills in 
the mold to accelerate freezing; the more 
rapidly the casting is chilled after pouring, 
the more efficient will be the feeding action 
of the risers. 

The addition of titanium to the alumi- 
num alloy will decrease subsurface pinholes 
and porosity and improve the surfaces to 
be machined and polished, and will also 
give a finer-grained casting. The recom 
mended addition is 214 to 3 lbs. of alumi- 
num-titanium addition alloy to each 100 
lbs. of molten aluminum alloy treated, o1 
enough to add 0.1 to 0.2 per cent titanium. 
The alloy should be thoroughly stirred be- 
fore pouring as the titanium tends to settle 
to the bottom of the pot. 

—from publications of 


Niagara Falls Smelting & Refining 
Corp. and of Titanium Alloy Mfg. Co 


Removal of burrs from machined parts, 
ordinarily carried out by tedious hand 
erinding, filing or scraping, can be rapidly 
and efficiently done on many parts by blast- 
ing with a fine metallic grit in an airless 
such as the W heela- 
brator Tumblast. A few minutes’ blasting is 
all that is usually required. In addition, the 
blast treatment not only removes the burrs, 
but provides an excellent bond for any sub- 
sequently applied surface coatings. 


; 
blast cleaning machine, 


American Foundry Equipment Corp 


Inconel wire fixtures or holders are use- 
ful for dipping gears to be case hardened 
in molten salt baths, since they retain their 
strength very well in the bath and resist 
scaling when exposed to the air while hot. 

Inco, International Nickel Co., Inc. 


(MORE SHOP NOTES ON PAGE 462) 
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Serrated Rivets for Aircraft 


by R. Cox 
General Aircraft Ltd 


An interesting design kink, evolved [in 
England} primarily to relieve pressure on 
the supply of drawn duralumin tubular 
rivets, offers promise of establishing itself 
permanently on an economy basis, and for 
other rivet materials as well as duralumin 

The technique comprises making tubula 
rivets from serrated sheet material, which 
is easier to obtain and less costly, even 
in normal times, than drawn rivets. The 
blank, with its interlocking serrations, is 


shown in the illustration. This is bent 
iround its longer center-line to bring the 
serrations closer together and then in a 


second bending operation the tubular form 
1S complet : with the serrations locked 


together. Finally, the head is formed 


Blank 





After bending , 
to tubular shape 


The result is a rivet in which it is easier 
to form the head, since the metal is 
stretched much less than with the tubular 
rivet, because of the split at the joint line. 
For the same reason, any liability to frac- 
ture during heading is completely removed 
The serrations themselves act as a key and 
provide torsional stability. 

A diameter-to-thickness ratio of 5.5 is 
the lowest value that can be used and still 
avoid difficulty in forming. In our case it 
has been convenient to keep the form of 
the serration constant throughout the range 
of rivet diameters. Rivet lengths are stand- 
ardized in 0.05 in. increments, and the 
number of serrations varies from 1 in. 
lengths under 0.7 in. tu 6 in. lengths over 
41 2 In 

This type of rivet has a shear strength 
almost as high as that of conventional 
tubular rivets, and can thus be used as a 
lirect replacement for drawn tubular rivets 
in existing design 


Vibration in automatic control-instrument 
4a 
panels, with consequent distortion in reaa- 
. . J P- d ; ? a l 
ings, can be eliminated by mounting thi 


; 


7 > veyrc? 
panel on special insulators (called "Vibro- 


, , 


Insulators’), which are combinations of 
rubber and metal in which vibration is ab- 
sorbed by rubber held in shear. Booths in 
which panels are housed can also be in- 
sulated from the floor in the same way. 








Recently we came upon an apt 
characterization of the readers of 
this magazine as “engineers skilled 
in the art of metallurgy’. Skill in 
any art implies an intimate know- 
ledge of its “know-how’’, and thi 
department designed to add it 
monthly bit to this store of practical 
information. You can do your bit 
and also earn a little pin-money, b) 
sending in original contributions fo 


Editor 
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Heat Treatment of S.A.E. 3312 


by H. C. Griggs 
Waterbury Farrel Foundry & Machine Co. 


For the past 7 yrs. we have made gears, 


heavy-duty cams, etc. for our machines 
from S.A.E. 3312 steel (more accurately 
from the so-called ‘Krupp analysis’’—3.75- 
1% Ni, 1.5-1.75 Cr). We do not normal- 
ize after rough machining, but have evolved 
instead a technique that gives us an as- 


quenched case hardness never lower than 


60 Rockwell “C,” with a minimum of 
distortion. 

After forging, the steel is heated to 1550 
and cooled moderately fast in still 
air. It is then annealed at 1440 deg. F. 
and allowed to cool at a rate of 40-50 deg. 
F. per hr. until it reaches 600 deg. F. or 
below. This gives a constant and very low 
hardness of 170-180 Brinell, and machin- 
ing is no more difficult than with the rela- 
tively easy-machining S.A.E. 4620 steel. 

For carburizing, the steel is heated at 
1650 deg. F. for 12-20 hrs. and oil- 
quenched directly from the box on its re- 
moval from the furnace: The carburized- 
and-quenched parts are then spheroidized 
at 1200 deg. F. and cooled in still air. 
For final hardening, the parts are reheated 
to 1420-1440 deg. F., 
nace to 1350 deg. F 


deg. F 


cooled with the fur- 
and quenched in oil; 
draw temperature is between 350 and 500 
deg. F., depending on the final hardness 
desired. 

Distortion is remarkably small. On large 
cams of 24 in. diameter with holes ranging 
from 3 to 6 in. where they are forced on 
the shaft, there is a slight shrinkage—never 
over 0.005 in. We have never had an as- 
quenched case hardness less than 60 Rock- 
well “C” in any section that we have en- 
countered, and have never had a failure 
of an S.A.E. 3312 part treated by this 
cycle. 

Nickel Steel Topics 
International Nickel Co., Inc. 


The solution treatment of magnesium 
alloy castings can be effected without em- 
ploying a controlled atmosphere by dipping 
the sand-blasted castings for a few seconds 
in a 10 per cent solution of hydrofluoric acid 
before inserting them in a furnace having 
the normal muffle atmosphere. The “dip” 
produces a perfect sealing coat of mag- 
nesium fluoride, and the heat treating prac- 
tice may otherwise be identical with that 
used in a controlled atmosphere. 


A. T. Stee: 
in Metal Treatment 





Machining Metal-Sprayed Surfaces 


by R. A. Axline 


Metallizing Engineering Co., Inc. 


Most metallized surfaces machine quite 
easily, provided certain fundamental rules 
are observed, although others, such as hard 
Stainless steel coatings or high carbon 
steels, must be finished by grinding. The 
greatest single factor in the machinabilit, 
of sprayed metal is the particular wire 
used, and it is therefore generally advisable 
to employ only wires manufactured specifi. 
cally for metal-spraying. 

A check list of the important factors 
that affect the 
metals would include 


machinabil'ty of sp ! 


\t sis and drawing specificatior 
the metallizing wire 
Texture of the coating (or the 


ness of itomization). 
Cleanliness and freedom-from-oil 
the air supply. 


1+. Distance between gun-nozzle 


work. 
5. Angle at which the sprayed met 
strikes the work. The smaller 


angle, the more difficult the met 
will be to machine; 90° is best, 
45° an absolute minimum. 


6. Traverse speed when spraying. 
7. Flame setting on the gun. 
8. Spraying into undercuts and corn 
9. Subsequent treatment of sprayed 
tace. 
One trouble often encountered he 
hard ring that forms next to the of 
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*Fill in and round the 


corners first. Comple 
in usual way 
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Flat Surface 


the undercut section when spraying « irbon 
steels on shafts, in corners, etc. Th ndi- 
tion may be minimized by conc ting 
the spray into the corners when starting the 
job, so as to partially fill and rounc them 
out—as shown in the illustration hile 
working on the corners, frequent suick 


passes should be made over the remainder 
of the surface so that the bond will not 
be impaired by dust collecting in the pores. 

When machining, it is advisable to fn- 
ish these hard sections first, with a blunt 
nosed tool, before inserting the tool that 
will be used for the rest of the sprayed 
section. The use of a lubricant consisting 
of 1 part cylinder-oil plus 1 part kerosene 
is helpful in machining any hard spots 
encountered. 


" An effective system for cleaning 01455; 
copper and zinc alloys prior to electroplat- 
ing comprises (1) pre-cleaning with @™ 
emulsifying solvent or an alkaline 
pound, depending on the work, (2) inodit 
cleaning with an alkaline electrocleaner 
compounded specifically for this purpose, 
and (3) sulphuric acid dip. Rinsing, of 
course, follows each ope ration. 
—Oakite News 5¢ rvice 
Oakite Products, Ine. 


com- 











4 

y) 
: 
| 
¥ 











AND A | Lroys 

















Metallurgical Engineering Digest 


FERROUS AND NON-FERROUS 





ADVISORY EDITORS 


-— 2. | ee Iron and Steel Production 
GBs Ss ccducicis Non-Ferrous Production 
a. | ee eee Foundry Practice 
ee ee ite led omacie se ; Rolling 


A. W. DEMMLER 
H. W. GRAHAM ... 


Forging and Forming 


5 Machining 


Ee Heat Treatment 
HorRACE Drever ... Furnace, Refractories, Fuels 
a. Sc as .... Welding and Cutting 
Se eee ree ree Finishing 
M. GENSAMER .... Properties of Iron and Steel 
A. J. PHILups . Properties of Non-Ferrous Metals 
is ip EE hela iee ov ensvessss COmeeia 
H. F. Moore Fa Fatigue 
Pei ie SU a6 8s oe vevneon so nccees Creep 
Pe Gee EE Wk vas gwd ek ee see Von sae Testing 
SS | ae ee . Magnetic Inspection 
G. R. HARRISON .... Spectrographic Analysis 
J. S. MARSH ... .. Ferrous Metallography 
C. S. BARRETT Non-Ferrous Metallography 


ASSOCIATE EDITORS 


A. A. Anderson, G. Ansel, W. H. Boynton, 
A. Brenner, Janet Briggs, W. H. Bruckner, 
J. C. Chaston, Frances Clark, A. W. Contieri, 
B. N. Daniloff, J]. W. Donaldson, H C. Duus, 
E. Fetz, J]. D. Gat, B. W. Gonser, ]. L. Gregg 
G. E. Guellich, M. E. Haas, M. Hartenheim, 
C. E. Jackson, C. B. Jenni, J]. B. Johnson, H 


F. Kaiser, B. Z. Kamich, P. R. Kosting, A. 1 
Krynitsky, D. ]. Martin, G. T. Motok, T. Mus 
akamt, G. Neuendorff, H. Nishimura, Frank G 
Norris, ]. M. Noy, V. S. Polansky, H. W. Rath- 
mann, P. C. Rosenthal, C. M. Saeger, Jr., T. Sato, 
M. Schrero, R. P. Seelig, A. U. Seybolt, N. Shi 
bata, A. P. Som, O. R. Spies, B. H. Strom, K 
Tamaru, H. F. Taylor, Cyril Wells, R. A. Wit 
schey. 


1. Production 


Blast Furnace Practice, Smelting, Direct Reduction and 
Electrorefining. Open-Hearth, Bessemer, Electric-Furnace 
Melting Practice and Equipment. Melting and Manufac- 
ture of Non-Ferrous Metals and Alloys. Soaking Pits and 
other Steel-Mill and Non-Ferrous-Mill Heating Furnaces. 
Steel and Non-Ferrous Rolling, Wire Mill and Heavy Forg- 
ing Practice. Foundry Practice, Furnaces, Equipment and 
Materials. Manufacture of Die-Castings. 


2. Processing and Fabrication 


Drop and Hammer Forging, Drawing, Extruding, 
Stamping and Machining. Age-Hardening, Annealing, 
Carburizing, Hardening, Malleabletzing, Nitriding, Surface- 
Hardening and Tempering. Heating Furnaces, Refractories, 
Fuels and Auxiliaries. Welding, Flame-Cutting, Hard- 
facing, Brazing, Soldering and Riveting. Cleaning, Pick- 
ling, Electroplating, Galvanizing, Metallizing, Coloring and 
Non-Metallic Finishing. 


3. Properties and Applications 


Physical and Mechanical Properties (including Fatigue 
and Creep). Corrosion and Wear. Engineering Design 
of Metal-incorporating Products. Selection of Metals and 
of Metal-Forms. Competition of Metals with Non-Metals, 
Specific Applications of Metals and Alloys. 


4. Testing and Control 


Physical and Mechanical Property Testing and Inspec- 
tion. Routine Control and Instrumentation. X-ray and 
Magnetic Inspection. Spectrographic and Photoelastic 
Analysis. Corrosion- and Wear-Testing. Examination of 
Coatings. Surface Measurements. Metallographic Struc- 
ture and Constitution. 


5. General 


Articles pertinent to more than one of the previous sections, 














Blast Furnace Practice, Smelting, Direct Reduction 
and Electrorefining. Open-Hearth, Bessemer, Electric- 
Furnace Melting Practice and Equipment. Melting 
and Manufacture of Non-Ferrous Metals and Alloys. 
Soaking Pits and other Steel-Mill and Non-Ferrous- 


Mill Heating Furnaces. 


Steel and Non-Ferrous 


Rolling, Wire Mill and Heavy Forging Practice. 
Foundry Practice, Furnaces, Equipment and Materials. 
Manufacture of Die Castings. 


Clay Binders for Molding Sand 


THE IMPORTANCE OF THE SWELLING Ca- 
PACITY OF CLAY-TYPE BINDERS FoR MOLD- 
ING SANvD (“Ueber die Bedeutung der 
Quellfahigkeit toniger Bindemittel fiir 
Giessereisande’’) K, ENpELL, H. REIN 
INGER, H. JeEnscH, FP. Csaki. Giesserei, 
Vol. 27, Nov. 29, 1940, pp. 465-475; Dec. 
13, 1940, pp. 499-502. Practical review 
plus research. 


The properties of clays and their suita- 
bility for foundry sands are surveyed, and 
some practical correlations are made be- 
tween the capacity for swelling of clay 
binders in water and their use in pre- 
paring good molding sands. In _ both 
natural and synthetic foundry sands with 
clayey constituents, the clay is the binder 
and the quartz material the filler; the 
binder determines, besides the grain struc- 
ture of the filler mass, all the technological 
properties of a molding sand. 

The investigation showed that bentonites 
are far superior to kaolin clays with regard 
to binding capacity and strength in the 
green and dried states. A comparison be- 
tween sands made with American sodium- 
bentonite and German  sodium-bentonite 
Showed that in all cases the mechanical 
strength in the green state was consider- 
ably higher with the German bentonite (for 
the same concentrations) while the strength 
in the dry state is higher with the Ameri- 
can bentonite. Bentonites give good values 
of mechanical strength even in low con- 
centrations—concentrations at which highly 
plastic kaolin clays would not bind at all 
Furthermore, the strengths in both the 
green and dry states are as great for high 
bentonite concentrations as for the same 
kaolin concentration. 

The highest mechanical strengths are 
obtained with the sodium-bentonites. With 
respect to suitability for foundry use, no 
fundamental difference exists between 
natural and synthetic molding sand. How- 
ever, only with synthetic sand is it pos- 
sible to obtain definite extreme values fot 
gas permeability, shearing and compressive 
strength in green state, dry strength and 
water content and to maintain controllable 
uniformity; also, undesirable contaminants 
such as iron oxide, lime, etc., can be 
avoided in synthetic sands, giving castings 
thac are easier to clean. Synthetic sands 
can also be re-used more often 
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The high dry strength of cores of sodium- 
bentonite and pure quartz sand is of par- 
ticular value for the casting of magnesium 
alloys, where contact between melt and 
gases must be avoided as much as possible 
Kaolin clays are absolutely unsuitable for 
making synthetic sands. 

In attempting to evaluate a binder for 
molding sands, the following factors must 
be determined: (1) the mineral content 
in the binder by chemical, petrographic and 
X-ray analysis, (2) particle size of the 
minerals by dispersoid-analytical methods, 
(3) the total sorption capacity and the 
cations, and (4) the swelling behavior in 
the Enslin apparatus. Ha (1) 


la. Ferrous 


Edge Cracks in Hot Rolling 


FoRMATION OF **PrRESSURE-FOLDING”’ 
CRACKS IN THE FREE-TO-SPREAD ROLLING 
oF STEEL, WITH AN APPENDIX: PHENO- 
MENA ON THE SURFACE OF A HIGH- 
CHROMIUM STAINLESS CUTLERY STEEI 
(“‘Entstehung von Druckfaltungsrissen 


beim freibreitenden Walzen von Stahl, 


mit einem Anhang: Erscheinungen an 
der Oberflache eines rostfreien Messer- 
stahles mit hohen Chromgehalt’’) A. 
Pomp & W. Lvec, Mitt. Katser-Wilhelm- 
Inst. Eisenforsch. Diisseldorf, Vol. 22, 
No. 16, 1940, pp. 241-254. Investigation. 

“Pressure-folding’’ cracks are the surface 
defects and cracks that occur because of 
roughness originating at the sides of the 
hot-rolled material if spreading is not 
hindered during rolling. If the roughened 
areas are exposed in the course of sub- 
sequent deformation processes to an un- 
favorable upsetting effect, cracks are 
formed; these can even become large 
enough to cause the material to be re- 
jected. This type of roughing can also 
occur in the rolling of profiles. 

The steels studied were of the following 
types: (1) plain carbon steel, with 0.88% 
C; (2) chromium-moly steel with 0.37 C, 
1.05 Cr and 0.17 Mo; (3) nickel car- 
burizing steel, with 0.13% C and 3.74 Ni; 
and (4) stainless cutlery steel with 0.41% 
C, 13.6 Cr. The steels were rolled in 4 
passes in a temperature range of 1300°- 
2200° F. and their surfaces tested by the 
magnetic powder method and by hot etch- 
ing. 

All steels showed an increased roughness 








of the surface with increasing temperature 
of roHing; the carbon steel had the smooth- 
est surface, then came the chromium- 
molybdenum steel, then the nickel steel, 
The cutlery steel had a smooth surface, 
but when rolled at 1800°-2000° F. de. 
veloped many longitudinal cracks. 

When this last steel was deep-etched 
numerous ‘pickling cracks’’ occurred, which 
were attributed to shearing stresses pro- 
duced by the flow of the material in the 
direction of spreading. The nickel steel 
has the greatest tendency to form pressure 
folds while the stainless cutlery steel was 
extremely sensitive to a non-uniform dis- 
tribution of the flow of the material over 
the section. The occurrence of pickling 
cracks in the cutlery steel could be pre- 
vented by cooling the rods or slabs in the 
furnace after rolling, or coating them, 
before rolling, with saturated borax solu- 
tion. 

The appendix treats in more detail of 
the occurrence of surface defects, especially 
“pickling cracks,”’ in the cutlery steel, and 
describes the method of deep-etching which 
caused these cracks. The cracks were defi- 
nitely not caused by too-long etching, since 
they formed even after etching periods of 
5 min. Photographs show the surface with 
and without protective treatment in furnace 
and with borax. Ha (1a) 


Desulphurizing Pig Iron in Europe 


“RECENT EvuROPEAN DEVELOPMENTS 

Pic Iron Manuracture.”’ N. L. Evan 

Foundry Trade J., Vol. 64, Jan. 9, 194 
pp. 19-22. Review. 

Difficulties in blast furnace practice en- 
countered in England in the early 1°>0’s, 
when the low-grade aluminous iron ore 
deposits of Northamptonshire were © ing 
developed for basic steelmaking, were _ ver- 
come by modifying the burden so the the 
slags formed were of low melting  oint 
(Brassert’s process at Corby, Pascl & 
Peetz’ method, etc.). Slags of hig! lime 
together with high-alumina content ‘iave 
high melting points, with consequent iff- 
culties of operation. 

Slags of low melting points may ave 
a lower capacity for carrying sulphur than 
do the high-lime slags of common prac- 
tice, and in the manufacture of basi pig 
iron it is desirable that the liquid iron be 
desulphurized after tapping the metal from 
the blast furnace. Such desulphurization 
may be obtained by the use of limey slag, 
by manganese additions and by treatment 
with sodium carbonate in a ladle. The 
last method is capable of application to a 
very wide range of pig irons. In 1938- 
1939, sodium carbonate was being used 
for metal refining in Germany, France, 
Belgium and Luxembourg at the rate of 
80,000-100,000 tons of carbonate/yr. 

The first major continental development 
employing sodium carbonate treatment was 
the “O.M.” (ohne mangan or manganese- 
free) process. In a series of experiments 
carried out in Luxembourg, the addition 
of manganese ore to the blast-furnace 
burden was progressively lowered. The 
furnace, which was making basic iron, was 
operated with a slag having a basicity ratio 
CaO : SiO. = 1.45 : 1. The iron was 
desulphurized in the ladle by treatment 
with sodium carbonate, the consumption 
of sodium carbonate being about 11 
Ibs./ton of iron. With this practice the 
average decrease in the sulphur content of 
the metal was 38%, #.e., from 0.08% S to 
less than 0.05% S, a further reduction 
taking place in the basic converter. 

At the end of the dephosphorization 
stage in the converter, the residual man- 
ganese in the iron was 0.08%, as com 
pared with 0.20% when the blast furnace 
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was operated with manganese additions. 
The usual manganese additions were made 
to the steel after blowing. Steel made by 
this process, of an extra soft quality, was 
found to give very good results in process- 
ing and _ fabricating operations. The 
“O.M.” method of operation also effected 
i considerable reduction in costs. 


It has been demonstrated that sodium 
carbonate treatment of the basic Bessemer 
grade of pig iron improves its fluidity 
The gauge used for measuring fluidity 
consists of a cast iron mold in two parts 
screwed together, comprising a U tube of 
10 mm. diam. with a tun-dish on the top 
of one limb. A third limb, 4 mm. in 


liam., is graduated in millimetres along 
its length. The molten metal under test 
is ] red into the tun-dish until it reaches 
f t ther 10-mm. limb. The 

n f tl How along the 4-mm. limb 
befor olidification Sul of the 
fluidity of the metal 


At Vélklingen the Germans were operat 
ing an acid-burden process and desulphur- 
izing with molten sodium carbonate 
Beneficiation of the low-grade German ores 
is, of course, essential to their smelting in 
an acid-burden process. The sodium car- 
bonate was separately melted, tapped into 
in unlined, preheated ladle, and poured 
through a tun-dish into the stream of iron 


in the blast-furnace runner and thence into 
the hot-metal ladle (lined with firebrick 
ontaining 32% alumina). The iron, dur 


ng transfer from the hot-metal ladle to 
the mixer, is poured through a deep layer 
of sodium-carbonate slag in a tea-pot ladle, 
lined with a mixture of tar and dolomite 

By using molten sodium carbonate up 


to 1% of the weight of metal, the sulphur 
was reduced to 0.04% from 0.12%. 1.2% 
ydiur rbonate reduced the sulphur con- 


tent from 0.18 to 0.06% S. Molten sodium 
carbonate has been claimed to be a 20-25% 
more effective desulphurizer than the solid 
form. 

In Germany the waste soda slag is 
crushed and mixed with phosphate rock, 
and the mixture is melted, granulated, 
ground and used as a fertilizer. The highly 
siliceous acid blast furnace slags from 
German acid-burden processes are utilized 
for cement manufacture and brick making. 

In Great Britain the use of sodium car- 
bonate as a desulphurizer has been long 
established, but its application to other 
than basic iron has been limited by the 
infrequent use of hot-metal ladles. There 
is now, however, a growing tendency to 
use hot-metal ladles and pig-casting ma- 
chines, which, because they provide uniform 
mixing and freedom from sand inclusions 
nean uniform pig iron for the foundryman 
and a step toward the abandonment of 
outmoded “rule-of-thumb” foundry prac 


ice AIK (la) 
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Defects in Open-Hearth Ingots 


ELIMINATING DEFECTS IN LARGE INGOTS 

or Bastc Open-HeartH STEEL (‘Die 

Verminderung von Fehlern in grosseren 

Blécken aus basis-chem Siemens-Martin- 

Stahl’’) E, WutLrrert Stahl u. Eisen, 

Vol. 60, Sept. 19, 1940, pp. 833-838 

Practical. 

A statistical study was made of the effect 
of (a) type of finishing slag, (b) rate of 
carbon drop, and (c) pouring temperature 
on coarse dendritic structure and porosity in 
large ingots of forging steel. Non-metallic 
inclusions were not considered. 

Unduly coarse dendritic structure and 
porosity along the longitudinal axis of the 
ingot were at a minimum when the iron 
content of the slag was between 8 and 
10%, when the rate of carbon drop was 
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no more than 0.27% C/hr., and when the 
pouring temperature was between 2860 
and 2900° F. The rate of carbon drop 
depended considerably on the heat input 
to the furnace which could be adjusted by 
proper fuel control. Porosity was found to 
accompany a coarse type of dendritic 
structure. 

Under the solidification conditions ob 
taining with the pouring temperatures given 
above, such coarse dendritic structure and 
porosity could be almost entirely eliminated 
In discussion Guthmann gave a summary of 
recent pouring temperature measurement 
by optical and thermocouple pyrometers, 
Germany and the U. S., indicating favorab! 
pouring temperatures for steels of different 


carbon contents SE (1a) 
Dried Air for Bessemers 
TECHNICAL AND Economic Factors 
AIR DRYING IN BaAsICc BESSEMER 


(**Technische Bedeutung und Wirt 
schaftlichkeit der Windtrocknung it 
Thomasstahlwerk’’) W. EILenper & P 
VEIT Stahl u. Eisen, Vol. 60, Oct. 10, 
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1940, pp. 905-910. Practical. 


On a hot humid day, 300 lbs. of w 
may pass through the charge of a 20 
Bessemer converter as moisture in the 
blast. Assuming 80% dissociation of 
moisture in the converter, this consi 
310,000 Kg.-cal., or enough heat to me 
ton of scrap, about 5% of the charge 

Also, part of the hydrogen formed \ 
the moisture decomposes escapes wit! 
converter gases, but a large proporti 
absorbed by the molten metal. The 
bility of hydrogen in molten iron at 


F. is 29 cm.* of hydrogen per 100 g 
iron. The object of drying the air w 
only to save heat but to avoid in g 


the steel. The hydrogen may be resp« 
for blowholes and voids in the solid 
steel and shatter cracks after the st 
solidified. In basic Bessemer steel the 
of moisture in the burnt lime used is 


gible in comparison with the eff f 
moisture in the air blast. 

Two methods were used to dry t if 
blast: (a) refrigeration, and (b) 
tion with silica gel. The latter prove re 
economical. With a moisture content 1 
air of 8.3 gm./m’*, a heat saving ( ’ 
ing larger scrap additions) of 8 Pf 
ton of steel was effected. In additi ig 
iron lower in phosphorus could be d, 
so that the overall saving of drying the 
air blast with silica gel was calculate to 
be 1.3 R.M./ton. SE (1a) 


Inclusions in Iron 


“THe METALLOGRAPHY OF INCLUS! 
in Cast IRONS AND Pic Irons.”’ 
MorrocH. J. lron & Steel Inst., 


vance Copy, May 1941 meeting, 47 | 
Research. 

A scheme of classifications for inclusions 
in cast iron and pig iron was developed. 
Various experiments were made to deter- 
mine the nature and mode of occurrence 
of the different inclusions. The effect of 
pouring temperature on the morphology 
of MnS is discussed. 

Both manganese and iron sulphides were 
found to serve as nuclei for the formation 
of temper carbon in maMeable iron. Mans 
tends to give temper carbon in the form 
of graphite-flake aggregate while FeS gives 
spherulitic temper carbon. 

A blue-pink constituent was observed in 
iron containing titanium and insufficient 
manganese to combine with all of the 
sulphur. This constituent was prepared in 
a number of melts and shown to be prob- 
ably titanium sulphide. The complicated 
optical properties of this inclusion as fe 
vealed by the polarizing microscope afe 
described in detail. 

The effect of zirconium, in amounts UP 
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In Foxboro Potentiometer Instruments 


At 14 “key” points in Foxboro Potentiometer 
‘ecorders or Controllers, frictionless ball bear- 





ngs eliminate any chance of wear or lost motion 
or years to come! This is a typical example of 
he practical, gadget-free design that Foxboro 
as developed to make these instruments the 
nost dependable pyrometers on the market! 

Many manufacturers learned this, long before 
the defense rush started . .. and are escaping a 
iot of today’s headaches through their foresight 
in installing Foxboro. Their pyrometer mainte- 
nance is reduced to the barest routine. And 
service interruptions for repairs or shut-downs 


= RECORDING - CONTROLLING - INDICATING al OXB OR O 





every important bearing is a Ball Bearing! 


are almost unknown with Foxboro Pyrometers! 

Dependability like this is the sum of Foxboro 
refinements and simplifications in nearly every 
feature of design . .. galvanometer suspensions 
that last, not weeks, but years ...a balancing de- 
vice that acts fast, without fast driving of mecha- 
nisms ...integral mounting of slide-wire contact 
and recording device...and many others. 

Get the complete story of these more-depend- 
able, maintenance-saving pyrometers. Write for 
Bulletin 190-4. The Foxboro Company, 54 
Neponset Ave., Foxboro, Mass., U.S. A. Branches 
in principal cities of United States and Canada. 
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Potentiometer Instruments 








to about 0.5%, on the inclusions in cast 
iron was studied. With increasing zir- 
conium it was found that the MnS in the 
base iron was gradually replaced by an 
orange-yellow to gray inclusion. When all 
the MnS had been removed from the struc- 
ture, blue-gray cubes of zirconium carbide 
appeared, which combined with the titanium 
carbide present to give a complex titanium- 
zirconium carbide. In melts made in a 
rocking-arc furnace, the yield of zirconium 
from iron-silicon-zirconium alloy was poor 
and most of the zirconium appeared to pe 
fixed as lemon-yellow zirconium nitride. 
An attempt to introduce this inclusion into 
crucible-melted cast iron by bubbling nitro- 
gen through the melt failed. 


Very little analogy was found between 
the inclusions in steels and cast iron. the 
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) Special High Grade 


99.99-*: ZINC 


To producers and users of zinc die castings, we 
say simply this: Specify Anaconda Electric, for you 





latter being characterized by the almost 
complete absence of visible oxides or sili- 
cates. It is suggested that the small par- 
ticles referred to in the paper could be 
termed “minor phases’ to great advantage 


with regard to definition. JLG (ia) 
Rimming Steels 
" SOLIDIFICATION OF RIMMING STEELS.”’ 
T. Grey Davies. Sheet Metal Inds., 
Vol. 14, Nov. 1940, pp. 1174-1175, 
1178. Practical. 


Rimming steels generally contain 0.12% 
C maximum and 0.5% Mn maximum 
Solidification jis decisively affected by the 


evolution of gas, mainly carbon monoxide, 
resulting either from reaction or reduced 


solubility. The principal recent innova 
tions im manufacture are: (1) special 
molds (their use is widespread in 
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may be sure that every slab is of uniform high 
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purity. Electrolytic refining does it. amis 
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America) and (2) use of sodium fluoride. 

Sodium fluoride additions have an effect 
opposite to that of aluminum, namely, they 
speed up the effervescence of the ingot, 
The standard procedure is to add 2 0z./ton 
during teeming. The effect is most marked 
in small ingots in which the height to 
cross-section ratio is over 4 to 1. Sodium 
fluoride addition at the start of pouring 
increases the rimming action in the lower 
half of the ingot, thereby giving an ingot 
with more uniform skin thickness and 
surface quality. Sodium fluoride is espe. 
cially useful for heats that are somewhat 
sluggish in rimming and that might give 
second-grade ingots. 

The reason for this action of sodium 
fluoride is not known; however, in View 
oi the known action of calcium fluoride jp 
increasing the fluidity of slags, it may ip. 
crease the fluidity of the inclusions in the 
steel. Since rimmed steel generally has 
complex inclusions at the junction of rim 
and core, it may be that the increased 
fluidity of these inclusions permits the 
longer solidification of the pure rim 


JZB (1a) 
1b. Non-Ferrous 


Electrolytic Manganese 


‘*ELECTROLYTI( MANGANESE AND 

POTENTIAL METALLURGICAL Uses 

S. Dean (U. S. Mines Bur.) M 

and Met., Vol. 22, Jan. 1941, 1 

Report of investigations 

The production of electrolytic n inese 
is relatively simple. The manga: cse is 
introduced in the electrolyte in form 
of MnO, which can be produced n the 
dioxide ores by a reducing roast 500° 
to 550° F. At this temperature iron 
in the ore is reduced to its most sluble 
form, FesO,. The manganese thus luced 
is less subject to reoxidation. 

The MnO formed is soluble in yhuric 


acid and the pH of the solution -an be 
brought up as high as 6.0 witho. using 
excessive time for leaching. M. iganese 
carbonate (MnCO,;) is also suite le for 
introducing manganese into the elc trolyte, 


but it is mecessary to complete neu- 
tralization with MnO or lime, ving 
a loss of sulphuric acid. 

The electrolyte contains about 35 gm./1. 


of manganese as sulphate. To this is added 
150-200 gm./1. of ammonium sulphate, 
and the solution is purified, using methods 
that vary according to the impurities in the 
ore. Iron and arsenic have been removed 
by bringing the solution to pH 5-6. A 
small amount of hydrogen sulphide purifies 
the electrolyte, and a filter aid collects the 
precipitated sulphides. The purified solu- 
tion is treated with 1/10 gm./1. of sulphur 
dioxide. 

The electrolyte is fed through the cath 
olyte compartment of a diaphragm cell, 
where about half of the manganese is plated 
out as metal. The depleted catholyte 1s 
mixed with anolyte solution and return 
to leach a new batch. A feature of an elec 
trolytic manganese cell is the stainless steel 
cathode surrounded by a canvas diaphragm, 
which is porous and permits considerable 
manganese from the catholyte to flow into 
the anolyte. The anode may be lead or am 
alloy of tin, lead and cobalt. Another 
method of reducing manganese dioxide 
formation is by skirting the anode with 
cloth. 

The current density used is about 20 
amps./ft.2 Current efficiency is as high as 
65 or 70%. Several modifications of the 
above process have been suggested, but they 
do not vary in their fundamental principles. 
[See “Electrolytic Manganese—Manufacture 
and Possible Uses,” METALS AND ALLOYS, 
Vol. 11, Jan. 1940, p. MA 47.} The elec- 
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OTH in the laboratory and in commercial production, high 

temperature electric furnaces play an important part — 

e furnaces which use Alundum Tubes as the working chamber. 

ic 

- Alundum Tubes are strong, to directly support the resistor 

. wire, and have high resistance to abrasion to withstand the 

, constant wear of taking work in and out. Their high perme- 

" ability permits the easy maintenance of a reducing atmos- 

s phere. They have high refractoriness to resist deformation 

‘ and to meet severe temperature conditions. They have high 

A heat conductivity and low coefficient of expansion. They do 

2s * . 

. not conduct electricity even at high temperatures. 

u- A new Norton booklet gives complete information 

ut on the use of Alundum Tubes, Cores and Muffles in 
the construction of laboratory electric furnaces. 

h- Write for your copy of Form 458A. 

i NORTON COMPANY, WORCESTER, MASS. 
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THE CRANE CO., CHICAGO 


regularly manufacture 45 non-ferrous and 12 ferrous alloys for use in 


their various manufacturing processes. 


Ajax-Northrup Furnaces are used extensively because of their 
flexibility and precision control and because laboratory developments 
can be transferred to large scale factory production with larger 
Ajax-Northrup Furnaces with predetermined results. 

The illustration above shows one of two Ajax-Northrup tilt type 
high frequency furnaces supplied with power from a 111 KW high 
frequency generator. Ajax-Northrup lift coil type furnaces are also 


used for material testing. 


Information of special interest to laboratory and metallurgical ex- 


ecutives will be sent on request. 


Ajax-Northrup Melting Furnace Capacities: One Ounce To Eight Tons 


trolytic manganese produced by the Bureau 
of Mines was very pure except for the 
presence of _ relatively large amounts 
of sulphur. This may be removed by treat- 
ment with borax in the molten state and 
subsequent removal of boron by manganese 
dioxide. The only other impurity present 
is iron up to 0.02%. Much of the man 
ganese is accordingly 99.95% pure or 
better, and rarely less than 99.9%. 

Pure manganese is brittle and one of its 
important uses is as an alloying element. 
In the steel industry electrolytic manganese 
can be used in many grades of steel. Com- 
parison of properties of S.A.E. 1035 steel 
show no difference resulting from the use 
of blast furnace ferro-manganese, low-car- 
bon electric furnace ferro-manganese or 
electrolytic manganese. 

The best outlook for a good market for 
electrolytic manganese is its use in alloys 
high in manganese—manganese-copper al- 
loys with unusually high specific vibration 
damping capacity, manganese-nickel-copper 
illoys with high coefficient of expansion, 
manganese-copper alloys with ultra-high 
specific electrical resistance, zinc-manganese- 
copper extrusion alloys of high strength and 
exceptional machining properties, and iron- 
manganese-chromium (26 Mn, 18 Cr) al- 
loys that are stainless. VSP (1b) 


Refining Aluminum Scrap 


“PROGRESS IN RESEARCH AND CONTROL— 

ALUMINUM REFINING.” Light Metals, 

Vol. 3, Feb. 1941, pp. 32-33. Descriptive 
review. 

None of the ordinary methods of re- 
fining aluminum scrap can be said to be 
very efficient, with respect to elimination 
of the impurities. The electrolytic method 
used in the production of virgin aluminum 
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has not been widely utilized for scrap 
because of the high costs involved. The 
distillation process of alumirum  purifica- 
tion may hold some promise, but at present 
it has not had enough use to justify 
evaluation. 

However, among the processes in use 
today, the electrolytic method is the only 
one easily capable of producing metal of 
the desired purity. A recently reported 
investigation provides some _ interesting 
data on the electrolytic refining of alu- 
minum containing iron, copper, zinc, silicon 
and manganese, using an electrolyte of 
38% AICl;, the remainder NaCl. 

The work was on a very small scale: 
300-c.c. capacity cells were used at first, 
then 2-liter capacity cells. The cells were 
of porcelain, and were heated in a crucible 
furnace. The anode alloy was placed in 
the bottom of the cell and was of such 
a composition that the melting point was 
not over 1475° F. The current was led 
to the anode by a graphite rod protected 
from the salt by a porcelain sleeve. 

A “sinter-corund” beaker was placed on 
the bottom of the cell and was used to 
col‘ect the refined aluminum. The cathode 
was a graphite rod protected at its upper 
extremity by a porcelain sleeve and situ- 
ated over the sinter-corund beaker. After 
the salt had been melted down over the 
anode alloy in the bottom, the temperature 
was adjusted to 1475° F. and the elec- 
trolysis carried out for several hours. While 
the anode efficiency was usually about 
100%, the cathode efhciency was somewhat 
less, owing to loss of some fine aluminum 
powder and to carbide formation. 

Aluminum-copper alloys containing 15 
and 37% Cu were investigated. With an 
anodic current density of 1.0 amp./cm.’, 


no trace of copper could be fo n the 
refined aluminum. Using a curr lensity 
of 0.7 amp./cm.’ with an alumi alloy 
containing 7% Fe as the anode 103% 
Fe was found in the cathode inum; 
at 0.4 amp./cm.* no iron could found. 
With aluminum-zinc allcys of 5 and 
27% Zn, transference of zinc to | ithode 
was found. Manganese in the e was 
limited to 8% owing to the me! point 
restriction, and in most cases n ces of 
manganese found their way to pure 
aluminum. 

Experiments with a 10% Si y were 
complicated by the tendency of silicon- 
containing anode alloy to attack porce- 
lain in the system; bits of porcelain would 
be found in the cathode metal, where fe- 


duction of the porcelain to silicon could 
When the sinter-corund ntainer 


occur. 
was lined with nickel, however, and 3 
nickel cathode rod was substituted for the 
graphite rod, the silicon was e! ninated. 
It was concluded that there was no elec 
trochemical transference of silicon to the 
cathode. 

In some of the larger-scale experimens, 


it was found that when an anode alloy 
of 10-13% Si and 2-18% Fe was used 
with a current density of 1.0 amp./cm. 
-the silicon content of the refined metal did 
exceed 0.09%, while the iron was present 
only in traces. Over 18% Fe in the anode, 
however, resulted in an iron content © 
0.38% in the refined aluminum. In ff 
fining aluminum of commercial purity 
(0.2-0.33% Fe), the iron was almost com- 
pletely eliminated, but the silicon was 10 
eliminated as efficiently. The silicon con 
tent was the same as_ that obtained 
when refining the aluminum-silicon alloy 
“Alpax,” showing that the residual silicon 
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‘< liberated on the metallized surface and 








is aue to mechanical contamination trom 
parts of the apparatus. 


Metal as pure as 99.98% Al or better 


was obtained starting with various alu- 
minum alloys. It is quite likely that this 
srocess could be carried out with success 
on an industrial scale. To prevent carbide 
contamination, the end of the cathode not 


overed by the protective tube is fitted with 
ver made of a porous silica-free mate 
Aluminum liberated at the cathode 


soon fills up the pores in the cover, and 
the surface becomes metallized. After this 


luminum coating has formed, aluminum 


nts the aluminum from reacting with 
rbon cathode AUS (1b) 


Gating Non-Ferrous Castings 


first essential of good gating is to 
le the right-sized sprue with the neces- 


5 ipacity to give ample flow of metal, 
b tt so large as to develop spiral spin- 
n f metal as it flows into mold. A 


nt condition will develop defective 
S| jue to mixing of dross with the 
The top of the sprue should be 
1 and funnel shaped. 
me cases, as in yellow brasses with 
minum, it 1s desirable to have gates 
le size to insure rapid filling of the 
nd thus avoid scum spots. The size 
are riser and gate is of great 
nce. The flow of metal into the 
ould be controlled by the size of the 
leading the metal to the horn. The 
the gate should be slightly less than 
n gate opening into the mold, thus 
ing squirting. The surest method 
ng clean metal is to have the right- 
‘rue, and to keep it full to the top 
that the scum will remain on top 
sprue. 
rge castings with very heavy sec- 
id especially with light and heavy 
adjoining made from high shrink- 
ys it is often nesessary to repeat 
ng of the riser several times. If the 
passage between the riser and 


c is restricted, the restriction often 
f and prevents the flow of metals. 
A gress to or egress from the casting 


designed to avoid sharp corners, 
ts should be provided at the junc- 
gate and casting, and of casting and 


quare or rectangular riser offers the 


m m area for radiation of heat as 
ct d with the volume of metal it 
h Therefore, if the riser is to be kept 
n for a long period it is better prac- 
ti se a round riser. Also, in the round 
ri fter the first crystals set, they set in 
ul rings parallel to the sides of riser 
al form cooling takes place, with the 
h ting occurring at the center. 

\ simple shapes can be produced by 
p through the riser without gates 
and sprue, but the chances of making a 
hig rcentage of good castings are re- 
di Often pouring is done through the 
tight size of sprue and then through a gate 
leading into the base of a riser. An ad- 
vantage of this type of gating is that the 
last metal poured into the mold is that 
which finally fills the riser. The riser tem- 


perature is higher than the metal tempera- 
ture in the mold, and therefore the riser 


sli 1 c 
Wu molten after the metal in the mold 
has set 

One disadvantage of such gating is that 
the riser must be connected with the heavy 
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section of casting to provide feeding as the 
casting solidifies. The heavy section may 
be at the top or bottom; then, as the 
riser fills, the metal spills over the edge 
into the lower part of mold and may form 
dross. Where 2 or more risers are used 
they should be of adequate height to pro- 
vide the necessary static pressure to force 
the metal from the risers; if one riser 1s 
too small, the other two have to do the 
feeding, and this causes a shrinkage cavity 
at the base of the riser or possibly at the 
casting 

Changes in design, even though minor, 
may increase the demand for proper feed 
ing and thus make a riser necessary that 
otherwise might have been omitted. Some- 
times the situation may be taken care of by 
increasing the thickness of the gate or by 
adding a shrink ball. Increased thickness 
] 


should he sufficient to insure the metal’s 


+ 


remaining molten until after the casting 
has set and to provide proper feeding at 
points where gates enter. 

A change in composition or alloy being 
cast may necessitate a definite change in 
gating, the amount of risers demanded, and 
their proper connections. For example, a 
12-in. straight bushing, with wall thickness 
f 34 in. and outside diameter of 4-5 in., 


if cast in red brass, should have gating s« 


designed that metal enters the mold quietly 
[he metal should be led from one end of 
the bushing to the other in such 

that the metal does not spread in thin lay 
ers before the mold begins to hill. Many 


foundrymen cast such bushings on th 
sides. Casting this bushing in manganes¢ 
| 


bronze requires a gate designed to prevent 
igitation of the metal; ampl 
ust also be provided VSP 
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J-M Castable Refractories that 





when you cast it in your 
own plant with J-M FIRECRETE 
CASTABLE REFRACTORIES 


W ith 1? 1? to 74 ho urs atter ‘\ 19 eed 
a special shape, that shape can 
service! 

Fast work? Yes—but it’s typical of 
the results you can enjoy by casting 
shapes with J-M Firecrete. 

Briefly, here’s why. Firecrete 1s 
mixed, handled and poured like ordi- 
nary concrete. It casts easily, sets 
quickly, has practically no drying or 
fring shrinkage. And it is highly re- 
sistant to spalling. 


It’s almost impossible to tell when 
special shapes will be needed. Why 
carry expensive stocks—or risk delays 
in shipment? Just keep J-M Castable 
Refractories on hand and cast the 
shapes you need in your own plant. 


Furnished in 100-lb. bags, J-M 
Castables are stocked by distributors 
throughout the country. For the name 
of the one nearest you, write Johns- 


Manville, 22 E. 40th Fe | ee 




















will Save You Time and Money... 


For temperatures up to 2400° F. 
—Standard Firecrete. Ideal for fur- 
nace doors and bottoms, baffle tile, 
header protector tile, burner rings, 
pipe linings and miscellaneous special 
refractory shapes. 110 Ibs. 


required 
per cu. ft. 


For temperatures up to 2800° F. 
—H. T. Firecrete. Similar in proper- 
ties and uses to Standard Firecrete 
but has considerably higher heat- 
resistance for use up to 2800° F. 115 
Ibs. required per cu. ft. 


For temperatures up to 2200° F. 
—L. W. Firecrete. Lighter in weight 
and lower in conductivity and heat- 
Storage capacity than Standard Fire 
crete. Recommended for furnace 
doors and bottoms and for casting 
small intermittently fired furnac es 
and special shapes. 65 Ibs. required 
per cu. ft. 


For temperatures up to 3200° F. 
—J-M Chrome Castable. Desiéned 
particularly for poured bottoms of 
forging furnaces where it effectively 
resists abrasion and the action of iron 
scale, thus helping to produce cleaner 
forgings. Ideal also as a slag-resistant 
base for billets. 180 Ibs. 


required 
per cu. ft. 


























UM Johns-Manville 
FIRECRETE CASTABLE REFRACTORIES 











Drop and Hammer Forging, Drawing, Extruding, 
Stamping and Machining. Age-Hardening, Anneal- 
ing, Carburizing, Hardening, Malleableizing, Nitrid- 


ing, Surface-Hardening and Tempering. 


Heating 


Furnaces, Refractories, Fuels and Auxiliaries. Weld- 

ing, Flame-Cutting, Hardfacing, Brazing, Solder- 

ing and Riveting. Cleaning, Pickling, Electroplating, 

Galvanizing, Metallizing, Coloring and Non-Metallic 
Finishing. 


Arc Welding Electrode Coatings 


A Composite 


The number of fluxes used for arc weld- 
ing electrode coatings is large, and evident- 
ly growing. Flux compositions have sel- 
dom been the subject of specifications, and 
each electrode manufacturer has developed 
a long series of coatings after research 


based on the many electrode user's varied 
requirements. When this diversity is multi- 
plied by the number of electrode manu- 
facturers, the situation is seen to be one 
ripe for standardization. 

Considerations of this type led W. AN- 
pREws (‘‘Some Observations on Metallic 
Fluxes,” Welder, Vol. 12, Mar.-Apr. 1940, 
pp. 57-59; May-June 1940, pp. 93-95) to 
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review and broadly classify the types of 
electrode available for mild steel and to 
examine each from the engineering view- 
point. 

The flux coating on a metallic arc elec- 
trode is effective in controlling the elec. 
trical characteristics of the arc, in modifying 
the mechanism of metal fusion and conse- 
quently transmission across the arc, in 
affecting metallurgical reactions occurring 
in the molten weld metal during its pas- 
sage through the arc, and in influencing 


the shape and surface finish of the result- 


ant welding bead. The majority of modern 
fluxes consist of a mixture of minerals, 
chemicals and alloys homogeneously bonded 
with an alkaline silicate solution. Subse- 
quent drying gives a hard cement of rea- 
sonable permanence 

The silicate solutions used as the bind- 
ing agent are either sodium or potassium 
silicates, used separately or mixed in vari- 
ous proportions. The actual compositions 
of the flux powders usually remain manu- 
facturers’ secrets, and little information has 
been published on them. In most com- 
mercial mild steel electrodes, they usually 
consist of mixtures of mineral silicates, 
ferro-alloys, metallic oxides, fluorides and 
carbonates, and organic compounds. 

One essential for a flux ingredient is 
that it should be inert to the silicate used 
as a binder. Ordinarily, however, the flux 


material need not be completely insoluble, 
so long as the product is neutral in reaction, 
The most frequently used of the v us 
materials are kaolin, soda and potash ‘cld- 
spars, various grades of iron oxides, 0» ides 
of manganese, titanium oxide as 1 ‘ile, 


ferro-manganese alloys, sometimes 0- 
silicon, ferro-titanium and ferro-vana. um, 
and all forms of calcium carbonate _>m- 
mercially available. 

True fluxes, in addition to exercising ‘eir 
effect on the electrical characteristi¢s he 
arc, are employed for their metall cal 
and mechanical effects on the deposit. Ac- 
cording to whether they contain cell: osic 
matter and are of the so-called gas-shi. ded 
type, or rely on the fluxing properti.. of 


the chemicals or minerals they con:ain, 
they may be divided into slag-shi ided 
types or gas-shielded types. Further, ‘\:xes 
may be subdivided by method of manu fac- 


ture, /.e. dipped, wrapped, wound-extr ded 
or plain-extruded. 


Automatic Arc Welding 


Somewhat more specific flux require- 
ments are listed by Wittt M. CoHN ( ‘Re- 
view of Fluxes Used for Automatic Arc 
Welding,” Welding Engr., Vol. 25, Sept. 
1940, pp. 17-19) for automatic arc weld- 
ing. In this type of work the welding 
operation is entirely automatic, except for 
starting the machine and replacing, from 
time to time, the electrode and flux. 

The desirable properties of a flux for 
automatic arc welding are: (1) The oxida- 
tion and nitration of materials from the 
electrode and of the weld proper should 
be prevented. (2) The electric arc should 
be stabilized and its ignition and re-igni- 
tion should be facilitated. (3) Impurities 
from the electrode and the base metal 
should be removed. (4) Sputtering of 
metallic particles should be prevented. 

Furthermore, a slag should be formed 
that will quickly rise to the surface of the 
molten pool in order to prevent non- 
metallic inclusions and pores in the weld; 
the slag should form a protective, solid 
coating over the freshly-deposited weld 
metal, and protect it against oxidation and 
nitration; the slag should retain enough 
heat to prevent too fast cooling of the 
weld; the slag should be easily removable 
or should automatically peel off the weld 
after cooling. 
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TIME-HEAT CONTROL 


FOR PRECISION STEEL BILLET CUTTING 
AT LOWER COST 



































13 REASONS WHY BRISTOL’S PYROMASTER 




















CUTS MAINTENANCE COSTS... ae 





TRENCS Sinues 





PREVENTS DOWN-TIME 





Far more important today than its savings on mainte- 
nance and its longer life —- is the way Bristol’s Pyromaster 
avoids interruption to production caused by instrument 
troubles. And Bristol’s Pyromaster is so constructed that 











3 sources of instrument trouble are eliminated: Precision timing of preheat and cutting flame 
(usually difficult to achieve with human controls) 
1, it is indifferent to vibration and shock, even along- is possible when oxy-acetylene flame cutters 
side giant forge hammers. are used on stock such as billets, slabs, plate, and 
oe ' other steel. Results equal to that in roughing out 
2. it never needs oiling nor greasing. : 
machine stock are obtained. Oxygen costs per 
3. its ving parts move only when there is a change torch are kept to a minimum and without loss, 
in ling, hence less wear on parts, less frequent through automatic control. 
ma nance. 


Shown in the flow sheet is a Bristol’s Cycle 
Control engineered especially to time the pre- 
P.S. PYROMASTER IS SUPER-SENSITIVE, SUPER-ACCURATE. nontl f the A h Ber ; ' 
WRITC FOR FREE BULLETIN 507. ane eating of the Name, the required cutting motion 
Addre.s 114 Bristol Rd., Waterbury, ’ of the torch, and the switching off of oxygen at 
Conn ticut. =jaih-gge) & S ° e ye 
the exact moment determined. A complete cycle 
covering 60 seconds is illustrated as an example. 














WRITE FOR FREE BULLETIN 523, ON CYCLE CONTROL, 


plus more detailed information 
on control of oxy-acetylene cut- 
ting or some other metal working 
process which you specify. 




















Do Your Heating the Modern Way 


use— 


frequencies above 150,000 cycles for all localized 
heat treatments and for brazing and silver 
soldering without annealing and oxidizing the 
rest of the part 


for information write to 


LEPEL HIGH FREQUENCY LABORATORIES Inc. 


39 West 60th Street, New York, N. Y. 


Representatives in United States and Canada for our equipment 
in the Hardening field—The Ohio Crankshaft Co., Cleveland, Ohio. 

















WHY NOT BE SURE YOUR GAS IS DRY? 


Years of useful service prove that when you want dry gas you 
get it with LECTRODRYER. Dew points as low as minus 60 de- 
grees C. and even lower are readily obtained and maintained con- 
tinuously and dependably. LECTRODRYER uses activated alumina 
system of drying, making possible efficient drying for years with- 
out noticeable deterioration or loss of efficiency. No replacement 
of material or regular overhauling is required. 


Write for further infomation. 


PITTSBURGH LECTRODRYER 
CORPORATION 


32ND $T. & ALLEGHENY RIVER PITTSBURGH, PA. 
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Also, it should be possible to add certain 
ingredients to the base metal if desirable 
—such as manganese, titanium, and molyb- 
denum. Finally, all reactions during or 
immediately following the welding should 
be completed at the highest possible rate 
of speed in order to assure great rapidity 
of welding. 

The composition of the flux used in 
coated electrodes for automatic electric arc 
welding is similar to that used for hand 
welding. Although powdered flux has 
been used for many years, the modern de- 
velopment of automatic electric arc weld- 
ing may be dated from the patent issued 
in 1930 and assigned to the National Tube 
Co. The patent gives few details regard- 
ing the composition of the flux. 

Most fluxes used for this type of work 
are a mixture of various raw materials 
chiefly raw natural clay. One patent as. 
signed to the General Electric Co. discloses 
a flux containing 18% titanium dioxide, 53 
feldspar, 1 raw bentonite clay, 4 sodium hy 
droxide, 2 sodium carbonate and 22 wate: 


In a 1936 patent assigned to the Union 
Carbide & Carbon Corp. a flux is described 
that comprises 31% calcium oxide, 11 
magnesium oxide, 52 silicon dioxide and 
4 aluminum oxide. Whereas former patents 
make use of raw materials that are likely 
to give off water vapor, this flux is melted 
in an electric furnace prior to its use 
flux; it will produce welds that are 
siderably better than hand welds. 

A very recent patent (1940) assigned 
to the Western Pipe & Steel Co. describes 
a flux of 57.6% aluminum oxide, 8 
silicon dioxide and 0.6 titanium dio» 
The raw material is processed by heat ng 
it to a temperature of about 2200° F 
maintaining it at this temperature fo: 
considerable length of time. CEJ 


2a. Ferrous 


Pipe Welding in Power Stations 


“Pree WELDING BuRLINGTON GENERA 

ING Station.” Putte Satmon (Pu! 

lic Service Elec. & Gas Co.) Welding 

N. ¥. Vo. 20, jan. 19, oe S 

Descriptive. 

Steam conditions at the job described «re 
1250 Ibs., 960°F. at the turbine throttle. 
Pipe welds in carbon steel and carbon- 
molybdenum steel base are welded with 
cellulose - coated carbon-moly electrodes 
using the same type of backing ring and 
scarfing detail. 


In previous work requiring pfeheat, the 
requirement of constant temperature from 
start to finish of weld was costly where 
an unfinished weld remained so overnight. 
In the present installation it was found that 
after 3 layers of weld metal have been de- 
posited the joint can be cooled overnight 
and completed next day without crack for- 
mation. 


Newly available fittings and valves de- 
signed for welding make possible simpier 
procedures and a higher quality product. 
Some tests were made with 1914 in. O. D. 
pipe of 1Y% in. wall to determine the ef- 
fect of various root spacing. 


Preheating and stress relieving are per- 
formed by an induction winding on the 
pipe, using a 60-cycle low-voltage current. 
Stress relief at 1150°-1200°F. for 2 hes. 
per in. of wall thickness is the usual 
procedure. A section may be remove 
from the weld joint by means of a power 
driven metal saw, which is portable and 
produces a boat-shaped specimen for macro- 
inspection after etching. Bend tests show 
uniform ductility across 1 in. pipe wall. 

WB (2a) 
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SPEEDY * ECONOMICAL « ACCURATE 


A new TOCCO Utility Junior (20 KW output), smaller in size and lower 
in cost, is now available. Ideal for use in plants where installation of 
more elaborate heat-treating equipment is not warranted. It provides 
fast, economical operation for treatment of small parts in small runs. 
A self-contained, efficient machine, easy to install. 


7) maa 1a tal ic For annealing, brazing, soldering, heating 
for forming and forging. All-metal cabinet 

encloses high frequency motor generator set (9600 cycles), standard 
TOCCO controls, air filters, welded steel base and other TOCCO fea- 
tures. Unit is waist high—3’x4’. Write for details of Model 20 SC MG 10. 


FOR leas HARDENING Accurate, one-station unit for TOCCO- 

hardening of small parts. Hardens at wearing 

surfaces only with depth and degree of hardness closely controlled. 

Transformer housing with rotatable transformer panel, and work pan 

are added to the basic 20 SC MG 10 machine. Has high frequency 

motor generator set (9600 cycles), pre-set, full automatic controls, 

quench and cooling water valves and other proved TOCCO features. 

Floor space—3'x 4’. Only water and power connections are necessary 

for installation. An efficient, easy-to-operate machine that cuts costs 
Full details on Model 20 ST MG 10 will be sent on request. 








AT $3950 


F.O.B. CLEVELAND, OHIO 











PRICES BEGIN aed 7 | 


THE 
OHIO CRANKSHAFT 
COMPANY 


Cleveland - Ohio "Why Heat Treat the Whole Piece? 


APRIL, 1941 





When Machine Tools 


CHATTER 


... Or Bearings and Gears run 


TICKING ways resulting from over- 

loads means troublesome “chatter.” 
A STURACO (“EP”) LUBRICANT will often 
eliminate the trouble for it has a tech- 
nically accepted load carrying capacity 
of over 300% more than ordinary lu- 
bricants. 





Hot spindle bearings and gear heads 
can frequently be cooled to operating 
efficiency when the proper STURACO 
(“EP”) LUBRICANT is applied. 


Results from this unusual principle of 
lubrication have been astonishing. What 
is your tough problem? Write, wire or 
phone today! 





SEND FOR the new 20 page booklet 
ovilining laboratory research behind 
; this genuine 

Work out your metal cutting problems with a STUART OIL development 

Engineer. From the complete STUART line he'll help you 

choose the proper cutting oil to set you up for top efficiency. 








For All Cutting Fluid Problems 


D. A. STUART OIL CO. 


Chicago, U.S.A. ° LIMITED * Est. 1865 


Warehouses in All Principal Metal. Working Centers 





1850° to 2450°F Without 


Blower or Compressed Air 


AKER small gas fired furnaces prove that high 
temperatures can be obtained without blower or 
compressed air. Noiseless. Easy to install. Economi- 
cal. There are Baker furnaces for tool rooms, for 
treatment of high speed steel and a hydrogen furnace 
for bright annealing, 

brazing and soldering 

without flux. Send for 


catalogue. 


BAKER & CO., INC. 
113 Astor St., Newark, N. J. 


New York San Francisco Chicage 


Welding, Cutting of Wrought Iron 


“WELDIN« AND FLAMI CUTTING 

WrovuGcHt I[ron.’’ Harotp LAwRENc! 

Steel, Vol. 107, Dec. 9, 1940, pp. 84, 
87. Practical. 

In welding wrought-iron, the slag must 
be floated out of the weld-metal. Fusion 
welding may be done with the metallic arc, 
the carbon arc, and the oxyacetylene torch, 
either manually or automatically. While 
wrought-iron is non-hardening, it is good 
practice to stress relieve welds in_ thick 
plates at 700°-800° F. 

In metallic arc welding, a lower wattag« 
and slower speed of travel should be used 
to maintain a quiescent pool of metal, 
thereby allowing time for slag to float out 
of the deposit. All-position and downhand 
electrodes are preferable. An adequat 
bearing surface should be used for | 
fillet welds to counteract the weakening 
effect of the silicates in wrought-iron. But 
welds are best made with all-position elec- 
trodes, while fillet welds may be deposited 
either with this type of rod or with a 
mineral-coated downhand rod. 

The horizontal fillet weld class of down 
hand rod is recommended for horizont 
fillets in material Y% in. thick or heavy 
Material of more than ¥% in. thickn 
works well with electrodes used for n 
steel of the same thickness, except gen 
purpose electrodes for stringer bead 
welds. There are, however, application 
lighter gages where the general put 
rod will produce acceptable welds at 
cost. 

In oxyacetylene welding, the gi 
appearance of molten slag (which h 
lower melting-point) must not be conf 
with the slick appearance of melting 1 
As soon as the operator learns to 
tinguish between the two, welding 
progress in the same manner as in wel 
mild steel. Excessive melting of the 
metal should be avoided. 

Almost all carbon arc welding 
wrought-iron is done automatically, 
fluxes. Reported speeds for *% in. 
in both wrought-iron and mild _ steel 
10 ft./hr. of completed weld. 

Wrought-iron can be readily cut 
the flame by using slow speeds witl 
siderable preheat. It is best to 
6-hole preheat tip rather than the 
4-hole tip, and a tip one size larget 
commonly used to cut steel. Lower o» 
pressures should be used. MS 


Heating Treating Behavior of 
S.A.E. 4140 


“INFLUENCE OF AUSTENITE GRAIN 51Z 

Upon IsOTHERMAL TRANSFORMATION Bt 

HAVIOR OF S.A.E. 4140 Steet.” E. S. 

Davenport, R. A. Grance & R. J] 

Horsten (U. S. Steel Corp., Res 

Labs.) Metals Tech., Vol. 8, Jan. 1941 
10 pp. Research. 


Increasing the austenite grain size in ao 
S.A.E. 4140 steel from 7-8 to 2-3 A.S.T.M 
grain size units greatly retards the 1S0- 
thermal transformation of the austenite at 
higher temperature levels, about 1050° F. 
and ,above, where soft lamellar structures 
form. At lower temperature levels where 
the structures are acicular, grain size has 
no appreciable effect on the speed of trans- 
formation of this steel. ; 

The effect of grain size on the rate of 
transformation to proeutectoid ferrite and 
lamellar products varies with the tempefa- 
ture level, being greatest just below the 
Ae, temperature and decreasing in intensity 
as the transformation temperature level 
approaches 900° F. Coarse-grained austen 
ite in 4140 tends to reject less free ferrite 
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Two single ended, 
hearth type forced 
circulation heating 
furnaces for annealing 
copper and copper 
strips. 

THE ELECTRIC 


FURNACE 
COMPANY 














Heating and anneal- 
ing furnace for copper 
and brass slabs, with 
automatic feed table 
and walking beam con- 


veyor. 
“ SURFACE 

COMBUSTION 
ole) Te) Vile). 
















Rockwell pot -s./ 
type, bronze an- 
nealing furnace. 


W. S. ROCKWELL 
COMPANY 





Rockwell continuous walking beam, 


haw cake heating furnace. 
aa i el 
1 W. S. ROCKWELL COMPANY 
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velivehiteyg E N C 
Combustion 
Exhaustion HARTFORD 


35 to 20,000 cu. ft. 
% to 300 H.P. 


meer’ ea Turbo Compressors oie s hs 


THE SPENCER TURBINE COMPANY e HARTFORD, CONNECTICUT 


Gas Boosters 

































































SAFETY 


begins in the 
HEAT -TREAT 


and thats where 


HOUGHTON 
comes in 


Safety in the air depends largely upon the 


modern heat treatment accorded modern 
. and the climax is in the quench. 
Soluble 


course! They are always uniform, providing 


metals . . 
Houghton’s Quenching Oils, of 
reliable hardening year in and year out 
In the 
tank above, is oil used to harden tubular 
. oil which had 


been in service 14 years when the photo 


without change in their composition. 
steel landing gear parts. . 
was taken. There is a Houghton Quenching 
Oil for every required speed, every need. 
Write E, F. Houghton & Co., Philadelphia, 


Chicago and Detroit for 
Handbook. 


the Quenching 





Houghton’s 
QUENCHING 
OILS 





than fine-grained austenite at temperatures 
in the vicinity of 1200° F. 

Microstructures resulting from the trans- 
formation of coarse-grained austenite are 
more suitable for studying the mode of 
transformation and the character of the 
product formed than those derived from 
fine-grained austenite. Grain size does not 
appreciably affect the hardness of the 
transformation products except at tem- 
perature levels where there is a considerable 
difference in the amount of free ferrite 


rejected. JLG (2a) 


Phosphate Coating Treatments 


INVESTIGATION OF THE 
AND THE SELF-PAsS- 


(QUANTITATIVE 
PROTECTIVE LAYER 


SIVATING PROCESS IN THE PHOSPHAT- 
inc BatH (Quantitative Untersuchung 
der Deckschicht und des _ Selbstpas 
sivierungsvorganges in Phosphatierungs- 
badern) Witt1 Macuvu. Chem. Fabrik, 
Vol. 13, Dec. 14, 1940, pp. 461-470. 


Research. 


Phosphate coatings on electrolytic iron 
specimens were examined by electrolytic 
methods, using the Miiller surface relation 
law, tp — B(ic/Fo—F)™, to express the 
pore surface area. In this equation tp 1s 
the passivating time, io is the current in- 
tensity, B and n are constants whose values 
are determined by the metal and electrolyte 
used, and F,—F expresses the pore area. 

Tests were made on the Coslett, Atra- 
mentol and the Parker processes. In all 
three baths a value of 0.003 cm.’ of free 
pore surface per cm.” of total surface was 
obtained. This compares generally with 
the natural oxide layer on iron. 

It was found that the phosphating process 
did not stop when hydrogen evolution 
ceased, but that the pore area was further 
diminished about 1/100 to 1/10 and the 
thickness of the coating increased about 
30% by continued treatment afterwards. 
Gravimetric determinations of the pore area 
and coating thickness checked the results 
of the electrolytic test. In spite of the 
increase in coating thickness and decrease 
of pore area after the end of the hydrogen 
evolution, the corrosion resistance was only 
slightly increased. 

Coating iron with a phosphate layer is 
a typical “self-passivating’’ process. This 
passivity causes the potential of iron to be 
ennobled about 0.10 to 0.25 volts. A pre- 
liminary pickling treatment of the iron 
delays the formation of the phosphate 


layer, possibly through the removal of the 


minute and chemically active surface pro- 
jections produced by grinding or 
blasting. A lowering of the bath tempera- 


ture also greatly delays the deposition of 


the phosphate. 


sand 


Oxy-Propane Cutting 
“CutTtinG STEEL WITH Oxy-PrRopane,” 
Wa. T. TrrFin (Univ. Okla.) Iron Age, 
Vol. 146, Dec. 12, 1940, pp. 61-64. In. 

vestigation. 

The use of propane as a fuel in the 
oxygen cutting of steel is rapidly increas. 
ing. The clean cut surface which results 
from the use of propane and the compara. 
tive light weight of propane handling 
equipment together with its comparatively 
low cost, assure this fuel a future in this 
particular application. Steel foundries find 
propane an economical fuel, and use it ip 
the cutting of risers from steel castings 
or for surface cleaning. Thicknesses up to 
34 in. have been cut with the oxy-propane 
cutting torch. 

The factors that have to be considered 
before determining the best procedure were 
control of cutting speed, fuel gas and 
oxygen supply, cutting technique, gas 
pressures, and reproducibility. In the tests 
reported here, the oxygen was of commer. 
cial grade and cost 144c/ft.* Propane was 
also a commercial grade, costing 5c/gal. 
The oxygen pressure on the cutting jet 


varied slightly around 40 Ibs./in.’ gage. 
Higher pressures caused more “blowing” 
of molten metal with consequent increase 
in cost, The propane pressure on the pre. 
heating jet was between 2.5 and 5 |bs./in? 
gage. 

Optimum preheating flame conditions 
were determined as follows: When the 
propane is ignited, the flame is yellow, 
and somewhat erratic. As the oxyg:n valve 
is opened the flame straightens «ut and 
the characteristic Bunsen burner ‘ame is 
noted. As the oxygen increases, inner 
flame becomes shorter. At a defin ‘ec point 
the inner flame ceases to shorten, od fur- 
ther increase of oxygen lengthen inner 
flame. The proper flame adjus! cent is 
obtained at this instant, with inner 
flame at its shortest length. 

Regulation of oxygen pressure was first 
obtained at the cylinder where :<duction 
to 75 lbs. gage was maintained. On the 


discharge end two-stage reduction was 
obtained, first supplying oxygen to the 
cutting jet, and second to the heating 
jets. Single stage reduction of propane 
was obtained after passing it ugh a 
hydraulic water seal. Propane pressure 
was about 104 Ibs. gage before reduction 
to flame pressure. The cutting torch was 
carried by an electric cutting machine 
traveling on straight track, and the cutting 


tips were interchangeable. 

Representative costs for oxy-propane Cut 
ting of steel, as determined in the author's 
tests, are given in the Table. 





























Gas Consumpti 

Thickness, | Cut Speed, __ Cu. Ft. Per Min. Cost of Cut, Cents 
In. Min. Oxygen Propane Per Ft. Per Sq. In. 
0.25 29.0 |} —114 } 0.04 0.59 | 0.197 

mi 2 24.0 ‘| 1.31 0.06 | 082 | 0.137 
S Vath ae eee 0.06 | 1.14 | 0.164 
a 17.5 2.42 0.08 7 ee ee |. 

1.25 16.9 2.97 0.12 3.18 _0.212 

1.50 16.0 . ae Gi | _408 .) ae 
2.50 11.1 — 0.125 602. | 0.201 








With the help of the Miiller equation, 
the conductivity of the electrolyte in the 


pores of the coating can be ascertained. 
The low value which was found was at- 
tributed to the saturation of the free 
phosphoric acid on the iron surface by 
iron. The electrical resistance of the pores 
was found to be about 2000 ohms for a 
normal solution of sodium sulfate as de- 
termined from current-potential curves. 
PCR (2a) 


It can be seen that in the thicker plate, 
over 2 in., more sq. in. of metal are © 
moved per unit of cost than in thinner 
plates. Advantage may be taken of this 
fact when cutting thin plates and producing 
duplicate parts, by stacking the plates om 
top of one another and clamping securely 
together. 

Greater cutting speed may be secured 
only at a sacrifice of cut quality. Cost 





METALS AND ALLOYS 


a. 


~sa ees)h|hC 


—— pel mies es Oo 





1S 
ie 


e 


rst 
on 
he 
as 


late, 
» $e 
nner 

this 
cing 











The G-E XRD X-Ray Diffraction Unit 


The XRD Pinhole Assembly 
and collimator tube support in 
use with flat cassette and cassette 


holder for 344" by 4° films. 











The XRD Powder Camera 
with oscillating specimen 
holder in position. Standard 
equipment also includes rotat- 
ing specimen holder to be used 
with capillary tubes, and a 
septum which divides the cam- 
era so that a reference pattern 
may be placed upon one half 
of the film. 











The XRD _ Back Reflection 
Camera and rotating specimen 
holder—a _ high-precision in- 
strument for the exact evalua- 
tion and compariscn of lattice 
parameters in the study of 
metals and alloys and other 
crystalline structures. 








The XRD Universal Specimen 
Mount may be used with the 
Pinhole Assembly and flat cas- 
sette for Laue and rotation 
patterns, with the Back Reflec- 
tion Camera for Sauter patterns 


4 reneral Electric XRD Unit has been designed and for bach be tae ee 
built to satisfy the increased industrial de- ee en 





Cassette and the Pinhole As- 








man« r a compact, versatile, and safe apparatus nbc calltation and +e 
for appiication of x-ray diffraction methods. Item- ,,.. palterse. 

bodies ‘catures which satisfy the most rigorous speci- 

fications for precision research and control analyses 

with sacrificing the safety, convenience, simplic- 


The Cylindrical Cassette which 
is furnished with the XRD 
Universal Specimen Mount for 
use with the Pinhole Assembly. 
The tedious labor involved in mounting specimens, The Cylindrical Cassette is 
registering diffraction patterns, and operating the mounted on the goniometer head 
apparatus has largely been eliminated, thus allowing which has fine screw adjust- 
the operator to apply practically all of his time to the arcs and for center- 
planning his research routine, preparation of speci- “”* the specimen in arcs. 
mens, and interpretation of results. 


ity, compactness, flexibility, ease of operation, and 
adaptability that are needed for effective utilization 
of the x-ray method. 








The cameras and cassettes provided for use with 
the G-E XRD Unit are constructed to facilitate the 
use of the most common and dependable x-ray dif- 





fraction sailed Each i ‘s buil d The G-E Model CA-4 Crystal Analysis Tube with four Lindemann 
nemadnees ach instrument is built CO dO a ojiss windows and protection shield. ‘Tube is available with com- 


articul: ; : , : : 
ged type of work in the best and simplest man- plete x-ray protection shields which extend to cover both arms of 
U : or complete information about the G-E XRD the tube and includes x-ray proof stoppers for the ports of the tube 
nit, address Department R24. which are not in use. 


(gp GENERAL ELECTRIC X-RAY CORPORATION 


Sa 2012 JACKSON -BLYVD CHICAGO. JILL U: ie 
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varies inversely as the plate thickness. The 
highest cut quality is obtained together 
with minimum oxygen and fuel cost per 
unit of length, and the cost per unit volume 
of metal-removal decreases as the plate 
thickness increases. VSP (2a) 


Electropolishing Stainless Steel 


“THE ELECTROLYTIC: POLISHING 
STAINLESS STEELS.”’ H H. Lynn 


(General Electric Co.) Trans. Elect) 
chem. Soc., Vol. 78, 1940; Preprint No 


25. 8 pp. Re search 


Electrolytic polishing of 18/8 stainless 
steel is less expensive and time consuming 
than mechanical procedures. A_ solution 
of ortho-phosphoric acid containing certain 


Welder puts finish- 
ing touches on snow 
plow (Car! H Frink). 


MUREX 








organic additions was found to be a satis- 
factory electrolyte, as the metal loss was 
low, there was no pitting, and low current 
densities could be used. The degree of 
polish obtained under different conditions 
was determined with a photo-electric spec- 
trophotometer. 

The optimum polish was obtained with 
an electrolyte consisting of 42% HsPO,, 
17% glycerine and 11% water, used at 
212° F., or above, with an anodic current 
density above 1.5 amps./dm.* The time 
required varied from 75 min. at 1.5 amps 
dm.* to 15 min. at 8 amps./dm.*_ A specu- 
lar reflectance of 93% was obtained as 
compared with 23% for the original cold- 
rolled finish. The amount of metal re- 
moved amounted to about 0.0004 in 


puts dollars in your pocket 


... by drastic savings in welding costs 









Machine parts, 
United Welding Co. 





Drive Drum, Struthers-Wells 
Warren, Pa 


MUREX 


A 
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Murex electrodes have proven again and 
again their ability to lower production costs, 
not only because they operate at higher 
currents, with consequent high speed depo- 
sition, but also because they reduce clean- 
ing time—due to a minimum of spatter and 
an easily removable slag. Furthermore, they 
handle easily—especially in tight places and 
vertical and overhead positions. 


In your own interests, make this test. Select 
some welding operation in your plant that is 
bothering you, call in the Murex representa- 
tive and let him make his recommendation. 
After trying Murex you can compare results 
and costs for yourself. 


ELECTRODES 


l- 
METAL & THERMIT CORPORATION « 120 BROADWAY, NEW YORK 


ALBANY « CHICAGO « PITTSBURGH 
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Other steels could be polished in the 
above electrolyte, but the operating cop. 
ditions had to be changed somewhat. A 
polish could be obtained on mild steel with 
a 50 vol. % _ carbitol-phosphoric acid 
mixture at 125°-175° F, and a current 
density of 8-16 amps./dm.* One function 
of the glycerine is to prevent attack of 
the anode by chemical action, independent 
of anodic attack. AB (2a) 


Welding Naval Piping 


“*INVESTIGATION OF WELDING FOR Naval 

Pipinc.”” Brera Ronay (U. S. Nava 

Eng. Expt. Sta.) Welding J., N. VY 

Vol. 20, Jan. 1941, pp. 25-39. Reviey 
plus research. 

Thin-wall pipe-welds of three differen 
designs in 2-in. I.P.S. and smaller pipe were 
investigated for fatigue resistance as a fo- 
tating beam with the welded joint in the 
center. The flow resistance of pipe jp. 
teriors was determined and found to be a 
minimum where interior streamlining is 
achieved by proper design. 

Stress relieving of joints does not ma- 
terially increase the fatigue strength but 
gives more consistent results. The above 
tests made on arc-welded material were 
duplicated on oxyacetylene-welded  speci- 
mens. The fatigue strength of the latter 


was higher; the cost of the joi was 
somewhat higher but the quality and ap 
pearance was improved, especially in the 
smaller diameters. 

For welding thick-walled tubing below 2 
in. I.P.S., a non-metallic backing ring was 
employed. During welding the 2S ate 
partially burned and collapse; the, can be 
removed from the interior by mx: chanical 
or other means. Full penetratio: is ob 
tained by the proper arc-welding cedure 
in using the 45° bevel kerf as t arting 
point for the arc. Another succ« | pro- 
cedure for obtaining good strean 1g and 
root penetration is composite w ng, in 
which the pipe ends are initially ined at 
the root by means of thermit reaciion heat- 
ing and pressure push-up. The weld is 
then completed with the arc. 

Tests on thick-walled piping 24) m. 
I.P.S. and larger are described f types 
of joint: (1) open-root U, wit! le in. 
thick medium steel backing rine welded 
with a fillet into the tube end lich in 


the joint represents the inlet; ) con- 


ventional 60° included-angle groove with 
3/16 in. steel backing ring, also welded in- 
to the inlet side; (3) weld made with a 


nonmetallic backing ring. Type (3) joints 
were made with the minimum of 5/16 im. 
root-spacing since it was found to be im- 
possible to obtain sound root conditions 
consistently with narrower spacing 

Type (1) and (3) joints were modified 
for vertical assemblies with welding pfo- 
ceeding with a weaving motion along 4 
zig-zag path inclined about 45° from the 
vertical. In some of the welds tested im 
root bends the tack welds were not fe 
melted and produced unsound root condi- 
tions; a holding clamp was therefore de- 
veloped which eliminated the necessity tor 
tack welding and gave uniform soundness 
at the root. 

It is the author's opinion that residual 
stresses in pipe welding are present, and 
therefore it is good sense to remove the 
stress by heat treatment even though at the 
present there are no available data as © 
whether an early failure will beset nom 
stress-relieved joints installed in high-pres- 
sure, high-temperature steam lines. A mag: 
netic method of demonstrating the charac 
ter and magnitude of residual stress in pipe 
welds is described. The image of the 18 
torted wave produced by the unbalance De 
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Accuracy and Uniformity- 


MAHR Industrial Furnaces § RUSH-DELIVERY ORDERS 





MAHR CAR-TYPE HEAT TREATING 
FURNACE, OVER and UNDER FIRED 
—USE GAS or OIL 


There are many features you will appreciate in this 
carefully engineered heat treating furnace. First of all 
it's over and under fired — proven most satisfactory. 
You can use either oil or gas, or fuel line installation may 
be made for emergency change-over. Heat is always 


uniform and may be either manually or automatically 
controlled. 


When you buy a furnace of any type, you are actually 
buying HEAT. See that you get it, delivered in correct, 
uniform volume in a manner that reduces operating costs. 


Investigate the many types of furnaces produced by 
MAHR before making your choice. 


LET MAHR ENGINEERS 
CONSULT WITH YOU 


The thousands of industrial heat 





MAHR PRODUCTS 


Rotary, Car types, 
Conveyor types, Roller 
Hearth and Pusher 


applications made by our engineering types, Open Front 
staff have resulted in the solution of en i ores 
a mass of heat problems. This ex- and Babbitt. "Rivet 
perience and the skill of these experts Heaters, Torches, Bab- 
are at your service whether your Sues Lede’ Masters 








needs are large or small. 


ASK FOR FREE EQUIPMENT BULLETIN MA-200! 





MAHR MANUFACTURING CO. 
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For Production Economy, 
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_ -AEROCARB® GIVES YOU RAPID 
-CARBURIZING, EASY WASHING TO 
BOOST YOUR PRODUCTION ON 



































THE AEROCARB 
“BALANCED BATH" offers 
you a fast, economical 
method of carburizing your 
low carbon and alloy steels 
to case depths from .002” to 
.030”. Parts carburized with 
Aerocarb Compounds are 
quickly and easily cleaned 
—a particularly important | 
advantage with partsofcom- 
plex shape, like the ones illus- 
trated. The Balanced Bath 
method is unusually flexible 
in operation, produces uni- 
form results in every heat. 





COMMERCIAL POT FURNACES are utilized in the use of 
Aerocarb — no special equipment need be installed. Addition of 
the activator Aerocarb A to the molten bath of Aerocarb B 
| keeps the bath chemically balanced, eliminates the need for 
| bailing out, prevents production interruptions. High fluidity 
| of Aerocarb keeps drag-out loss to a minimum, allowing sub- 
stantial savings in the cost of materials. 
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CYANAMID’S FIELD ENGINEERS will be glad to recommend 
the most economical method of meeting your requirements. 
Cyanamid offers a full line of case hardening and carburizing 
| materials, including Aerocarb and Aerocase*, to meet virtually 
| any requirements. Write us outlining your problem. American 
Cyanamid & Chemical Corp., 30 Rockefeller Plaza, New York. 


*Trade-mark of American Cyanamid & Chemical Corporation 
applied to case hardening compounds of its own manufacture. 


THERE ARE NO DELAYS OR 
INTERRUPTIONS WITH AEROCARB 
.-.NQ NEED FOR EXPENSIVE OR 
HIGHLY SPECIALIZED EQUIPMENT | 
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tween a piece of steel without residual stress 
and the joint being tested is received on the 
screen of an oscillograph. A section of 
pipe in the as-welded condition was shown 
to have a residual stress in excess of 25,000 
lbs./in.” by this means; the stress was re- 
duced to 2500 Ibs./in.* by stress-relief heat 
treatment 

The use of preheat in welding does not 
necessarily result in lowering the residual 
stress—in fact, in heavy-walled tubing the 
opposite may occur. Since practically all 
tube joints for high pressure, high tem- 
perature service are stress-relieved, a high 
residual stress due to preheating and weld- 
ing is of no serious consequence. Preheat- 
ing is considered to be of considerable ad- 
vantage in preventing the formation of un 


ae irable and (brittle) eta lurgical Struc 








tures in air-hardening steels; also, a greater 
volume of weld metal may be kept liquid 
in the crater with preheat, thus enabling 
the venting of occluded gases. There are 
several other advantages. 

Of the 3 methods of stress-relief investi- 
gated, radiant heating in an ‘‘atmosphere’”’ 
furnace, induction heating, and non-induc- 
tive direct-resistance heating—the induction 
method is preferable. The desirability of 
supplementing root and face bend tests for 
weld metal soundness with visual examina- 
tion of macro-etched specimens is noted. 
For non-destructive tests, the magnetic pow- 
der method of examination is effective only 
when the re-enforcing is machined off; 
gamma-ray radiography was found to be un- 
satisfactory. 
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SPECIAL 


$4995.00 downward. 
including March 
acceleration. 


quotation? 








““1IT CLEANS FAST!“ 


FOR SPECIAL AUTOMATIC — AS WELL AS 
ALL GENERAL FOUNDRY BLAST CLEANING 


to press 
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BARREL 


71 CONCERNS— including Ford, Bethlehem, Amer- 
ican Steel Foundries, Buick, Baldwin Locomotive, etc.— 
in the last six months of 1940 placed orders ranging 
from $5189.00 to $37,000.00 (26 from $10,000.00 to 
$20,000.00—11 from $20,000.00 to $37,000.00) for 
Pangborn equipment. Many others were received from 
January and February, 1941, 


date, shows continued 


Perhaps you too have an application that calls for a 
ROTOBLASTING engineer’s study—or a ROTOBLAST 
Let us show why—for quick production, 
lowest cost operation and economical service—you 


should choose ROTOBLAST. Write to Pangborn—today. 


WORLD'S I 


ARGEST MANUFACTURER ¢ 


PANGBORN CORPORATION 
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Spot-Welding Dissimilar Steels 


*““ELECTRO-MAGNETIC STIRRING ACTION 

IN A SPOTWELD.” A. M. UNGER, H. 

A. Matis & W. A. KNnocke (Pullman- 

Standard Car Mfg. Co.) Welding J., 

N. Y., Vol. 20, Jan. 1941, pp. 42-47. 

Investigation. 

An analysis is made of the electro-mag- 
netic forces acting on the liquid conductor 
in the weld portion of the circuit. 

Various stages of the violent stirring ac- 
tion in the weld are shown by means of 
macrographs of the weld between a low- 
alloy steel and stainless. Considerable con- 
trast can be obtained between the two 
melts at various stages in the mixing 
process by etching either electrolytically 
in chromic acid or with Nital. The macro- 
graph of the path of stirring motion corre. 
sponds with the path theoretically derived, 

The weld bead of the low-alloy stainless 
combination had given hardness values in 
the neighborhood of 400 Brinell and was 
weak in impact and fatigue. An attempt 
was therefore made to produce a weld be. 
tween the two materials without mixing 
the melts. Since stainless has a lower 
heat conductivity it was possible to bring 
it up to temperature ahead of the low- 
alloy steel; the latter was at the plastic 
stage when the weld was made. A micro- 
graph shows an excellent bond is obtained 
without mixing. 

Maximum hardness of the weld was 285 


in the low-alloy steel, and 174 the 
stainless and the strength of the d in 
shear and tension and ductility was much 
superior to that made by the previous 
method. 

Wh (2a) 

2b. Non-Ferrous 

Indium Plating 

A Composite 

The very rapid drop in the price of in- 
dium in recent months [see our F< bruary 
issue, p. 216} has tended to expond its 
use for already-developed applications— 
such as dental castings and corro.ion-fe- 
sistant indium-plated bearings—and to ex- 
tend research seeking new values and new 


uses. Investigation of improved plating 
baths has also been stimulated, and one 
such—a sulphate bath as distinct from the 
conventional cyanide bath—is described be- 
low. 


Usual Practice 
The usual plating practice for producing 
indium coatings is outlined by J. R. DYER, 
Jr. of Indium Corp. of America (‘“Indi- 
um,” Iron Age, Vol. 146, Dec. 19, 1940, 
pp. 35-38). Bearings or other parts to be 
plated are carefully cleaned, and then 
plated in an electrolyte containing 4 troy 
oz. indium (as chloride) /gal., 2 oz. dex- 
trose, and 12 oz. sodium cyanide using Cuf- 
rents of 0.1-1.0 ams./in.” 
The bath is made by cutting indium 
metal into small pieces and converting to 
chloride by dissolving in c.p. hydrochloric 
acid of 1.16 sp. gr. The excess acid is 
volatilized, and the indium chloride resi- 
ue taken up with water. Two oz. of 
dextrose are dissolved in a little water and 
added to a solution of 12 oz. of cyanide in 
a little water. To this mixture the indium 
chloride is then carefully added in small 
amounts. After standing 48 hrs. the solu- 
tion is filtered and made up to 1 gallon. 
An insoluble anode is used and the fe 
sulting deposit is soft, gray and matte-like. 
The rate of deposition will run about 15 
mg./amp.-min., the rate falling as the bath 
ages. Cyanide content should be held, by 
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Continuous Hardening or Normalizing 
\ rugged cast link-belt conveyor Heating 
Machine for uniform hardening, normalizing 
or otherwise heating of heavier classes of 
work, such as rifle forgings. This machine 
has a capacity of 1,000 to 1,500 lbs. per hour. 


Efficiency is high because the belt leaves the 
furnace only where the work is loaded. 





Representatives in 


principal cities 





american Gas Furnace Co. 


Elizabeth, New Jersey 





'T’S AMAZING HOW MUCH MONEY CAN 
BE SAVED WITH MODERN HEAT 
TREATING EQUIPMENT 





Industrial Furnaces of All Kinds 
Forging, Heat Treating, Metal Melting, etc. 


Car Type Furnaces, Conveyor Furnaces, 
and the Stewart Gasifier. 


A Stewart representative is located near you. Let us 
know and we will see that he gets in touch with 
you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1103 South Central Avenue, Chicago, U. S. A. 
FLEXIBLE SHAFT CO., Ltd., 321 Weston Rd., S., Toronto, Ontario, Can. 
Eastern Branch Office: 11 W. 42nd St., New York, N.Y. 
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For example — 
take this Clamp Screw 
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It is a simple part used on aviation 
ground equipment. It was formerly 
forged from one piece of steel and then 
threaded—a comparatively expensive 
construction, hard to handle for fast 
threading. 


Now the wing nut is stamped out and the body is turned and 
threaded at high speed in a screw machine. The two parts, 
made of 1035 steel, are brazed in fast time with Easy-Flo. 
Over 200,000 of these screws have been produced in this way 
with substantial savings in time and big savings in material— 
and they have proved entirely satisfactory in service. 


These front 
and back 
views show 
how EASY- 
FLO has 
penetrated to 
every part of 
the joint. 





This complete penetration is due to Easy-Flo’s exceptional 
free-flowing qualities and is an important reason why this 
alloy is known as the fastest acting of any brazing alloy 
capable of making strong joints. This extreme fluidity, com- 
bined with low working temperature—1175 Deg. F.—gives 
a surprisingly low cost per joint. 





APPROVED If you are looking for brazing speed, 
Easy-Flo is in- reliability and economy, it will pay 
cluded in Navy you to try Easy-Flo. It is equally 


ane Fenert Sree effective on ferrous, non-ferrous and 
ing specifications cet ; 

and used on a dissimilar metals. Bulletin MA-10 
wide variety of 


; gives details—let us know if you want 
government work. 








a field engineer to call. 


PLEAS. HARMAN 


, New York, N.Y. 








In fake HANDY & HARMAN of Canada, itd., Toronte 
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oz./gal. and indium in that article, since the figure given there 
The plated parts is approximately 2000% too high— 
F.P.P.} 

An indium sulphate plating bath, for 
the application of smooth matte deposits 
around 0.0001 in. thick is described by 
Henry B. Linrorp of American Smelting 
& Refining Co. (‘Indium Plating,” Trans. 
Electrochem. Soc., Vol. 79; Preprint 79-12, 
8 pp.). Operation of this bath over long 
periods of time indicate it to be stable and 
constant in performance within the pH 
range of 2.0-2.7. The pH range is main- 
tained by a combination of soluble and in- 
soluble anodes. 


additions, above 1! 
content above 3 oz./gal. 
are rinsed and then heated for 2 hrs. at 
340° F. to cause the indium to diffuse 
into and alloy with the basis metal. 


New Sulphate Baths 


Claims have been made that baths like 
the foregoing disintegrate over long pe- 
riods of time, with the formation of a 
brown residue high in indium. Sulphate 
solutions appear to be stable and have 
therefore been studied by various investi- 
gators. [An indium sulphate process using 
insoluble anodes and additions of either 
boric acid or aluminum sulphate was de- Specifically, it is recommended that sol- 
scribed in our January issue, p. 88; read- uble anodes (indium rod, for example) 
ers should ienore the reference to price be used until the decrease in acid concen- 





These photos taken at the Despatch plant show 
how we are meeting the pA problem. A 

greatly enlarged manufacturing floor space with 

additional modern high speed equipment, to- 
gether with additions to our administrative 
staff to assure careful supervision. More 
furnaces are produced to accommodate 
the AA and AI priority orders and 
still maintain good service on 
our regular business. All Des- 


; a R, patch designed furnaces 

Fe f | i, <P will give precision per- 
} f ss Vary. % formance with 
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and new op- “> 
erating econo- a 
mies. These fea- 4 
tures and many others Va 


make Despatch Furnaces 

a popular choice for all heat 
treating from 275° to 1200° F. 
in every type furnace. 







Write today for Bulletin 
No 81. It covers every problem 
of heat treating and material 


handling. 


EN COMPANY, MINNEAPOLIS, MINNESOTA 
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tration causes the pH value to reach about 
2.7. At this point insoluble anodes should 
be applied and their use continued until 
the pH has returned to about 2.0. 
ally, the electrolyte may be 


Option- 
; circulated 
through 2 cells, with soluble anodes in one 


and insoluble in the other, with the work 


pro-rated in each cell to maintain a con- 
stant pH. 

Baths are prepared by dissolving indium 
metal ribbon in dilute sulphuric acid, filter- 
ing, diluting to required amount and add- 
ing sodium sulphate. The bath should 
contain 20 g./l. (2.45 troy oz./gal.) in. 
dium, at pH 2.2; and 10 g./1. sodium sul- 
phate. The plating cell should be so 
equipped as to circulate the electrolyte 
rapidly—for a 10 liter cell a circulation of 
200-400 cc./min. has proved to be satis. 
factory. 

In a typical case—the plating of a cad- 
mium-silver-copper connecting rod bearing 
of 8.6 in.? area—125 cc. of the above bath 
was employed to deposit 0.070 g. of in- 
dium in 2 min. 44 sec., at a current density 
of 20 ams./ft.2 and 2.0-2.5 volts. Heat 
treatment of plates of this type to promote 
diffusion into the base metal is being fur- 
ther investigated by the author. X (2b) 


Fusion Welding Aluminum Alloys 


“WELpING ALUMINUM AND ITs ALLO\ 
BY ARc, TorRCH AND PRESSURE Pr 
CESSES. A REVIEW OF THE LITERATUR 
TO JAN. 1940.” W. SpRaRAGEN & G., | 
CiausseN. Welding J., N. Y., Vol. 
Jan. 1941, pp. 1s-79s. Correlated 
stract; 543 references. 


The major section-headings of this monu- 
mental review include oxyacetylene we’ ding, 
oxyhydrogen welding, metal -arc we! ing, 
atomic hydrogen welding, carbon arc ld- 
ing, carbon resistor, Arcogen process, «apil- 
lary brazing, hard-facing, corrosion of alu- 
minum and its alloys, macro- and ‘nicro- 
structure, alloys that have been welde.! and 
methods of testing. 


The outstanding fact about aluminum and 
aluminum alloy welding is the practic! im- 
possibility of attaining in welded joints the 
high strengths that can be secured i: un- 
welded metal through cold work or heat 
treatment. The critical factors for aluminum 
welding are the tendency to oxidize and its 
hot shortness; a flux is invariably needed 
to overcome oxidation, and the hot metal 
should not be subjected to shrinkage and 
reaction stresses. 


Sections of aluminum 0.004 in. thick and 
greater can be welded with the oxyacetylene 
torch, but distortion is likely in sizes below 
0.079 in. Preheating to 700°-800° F. is re- 
quired for plates ¥% in. and over in thick- 
ness in order to obtain root penetration and 
reduce gas consumption in welding. 


With the possible exception of high-sili- 
con casting alloys, all aluminum alloys re- 
quire a flux for oxyacetylene welding. The 
desirable properties of the flux are effective- 
ness at temperatures 100°-200° F. below 
the melting point of the alloy; good dis- 
solving power for aluminum oxide; goo 
spreading power; non-toxicity; stability in 
the atmosphere; and non-volatility. A film 
of slag replaces the oxide on the aluminum, 
artd the slag must have a lower surface ten- 
sion than the oxidized aluminum. 


A neutral or slightly reducing flame 1s 
recommended and pure aluminum or 5-10% 
Si alloy rod is generally used. The weld- 
ing procedure is adjusted to the require: 
ments imposed by thickness of material and 
other considerations. The welding s 
of aluminum and steel are about the same. 
In order to deposit weld metal of the same 
composition as the base metal, it may 
necessary to have excess magnesium ao 
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SHELL FORGING & HEAT TREATING 
PLANTS 


CARTRIDGE CASE PLANTS 
ARMOR PLATE CARBURIZING EQUIPMENT 
GUN PLANTS 


GAS, OIL OR CONVECTION 
HEATED EQUIPMENT 
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silicon in the rod. For 13% Si alloys, a 
loss of 3% Si may occur, but there will 
be no loss if flux is used. 

Hot peening of weld metal at 575°-660° 
F. is to be recommended since it removes 
the cast structure, relieves shrinkage stresses, 
and raises ductility and tensile strength. 
Peening is usually confined to the soft al- 
loys (2S and 3S, annealed or half-hard 
state) since the hard or heat-treated alloys 
crack if severely hammered. 

Tensile tests on oxyacetylene welded ma- 
terial indicate that for aluminum the 
strength is the same as soft wrought alu- 
minum, because fracture always occurs in 


the softened zone. All aluminum weld 
metal has the same elongation as_ the 
wrought, annealed material. Aluminum- 


manganese alloys have higher strength than 


pure aluminum, but fracture occurs in the 
softened zone unless an aluminum rod is 
used for the weld. Aluminum-copper alloy 
welds have about half the strength of the 
heat-treated base metal, but heavy hot and 
cold peening plus complete heat treatment 
give properties similar to those of the par- 
ent metal. Duralumin welds have 50-70% 
of the strength of the heat-treated base and 
low ductility; this can be raised to 85-95% 
by heat treatment. 

Aluminum - magnesium (2-2.5% Mg) 
welds have 80-100% of the annealed-base- 
metal strength, and 75% of the strength 
of the cold-rolled base. Elongation is 50% 
or more of that of the annealed base. Alu- 
minum - magnesium - silicon weld tensile 
strength is equal to that of the annealed 
base metal; the welds have only 40% of 
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The Modern Accepted Method For Heat 
Treatment Of Steels 


SEL- 


- - Used And Recommended By Steel Producers 


CAR 





Patents 
Pending 


SEL-CAR A for surface protection of steels 
susceptible to decarburization during heat 
treatment; prevention of carbon penetra- 
tion in low carbon steel; selective cyanid- 
ing in liquid baths. For use between 
1400 and 2350 deg. F. 

SEL-CAR B is recommended for the same 
uses as Sel-Car A, but is more easily re- 
moved after heat treatment. 

SEL-CAR C is recommended for coating 
outside surfaces of annealing and carbur- 
izing boxes to prevent scaling and oxida- 
tion during heat treatment. 

SEL-CAR D is for the heat treatment of 
steels within the temperature range of 
1400 to 1550 deg. F. Is especially recom- 
mended for High Carbon Water Quenched 
steels as it positively eliminates all water 
cracks. 

SEL-CAR G is recommended for selective 
carburization in cases where grinding, 
sand or shot blasting is not desirable. 
SEL-CAR H is used for the prevention of 
deecarburization on dies having intricate 
design where a clean surface is imperative. 
Also readily removable after heat treat- 
ment. 


Advantages of SEL-CAR 


(1) Useful between 1400 and 2350 deg. F. 

(2) Eliminates packing of certain steels in 
spent materials during treatment. 

(3) Reduces the necessity of furnace at- 
mosphere control. 

(4) Will not attack furnace hearths. 

(5) Simply applied—economical—efficient. 


SEL-NITE is recommended for the selective 
nitriding of steels. 


Write For Samples And Manual 


NATIONAL COPPER PAINT CORP. 


GENERAL OFFICES: 110 S. DEARBORN ST., CHICAGO, ILL. 
FACTORY — 1760 DIVERSEY PARKWAY, CHICAGO, ILL. 








the yield strength of the heat-treated base 
but heat-treated welds have properties simi- 
lar to the base-metal in the same condition. 
Aluminum-silicon alloys with 13% Si have 
the same strength of weld as the softest 
zone near the weld. Notch impact tests 
on welds generally give low values but 
fatigue tests report good values for the 
99.4% pure aluminum and for the 10.5% 
Si alloy. 

Arc welding is successful with covered 
electrodes. However, the thinnest materia] 
that can be butt-welded is 0.039 in.: the 
minimum for fillet welds is Ye in. singe 
the arc is difficult to control and burning. 
through cannot be avoided in thinner sheets, 
Thick plate and long complicated welds 
may require preheating, the former to main- 
tain a puddle, the latter to prevent distor- 
tion. 

Weld deposits of the same composition 
as the base metal are desirable for maxi- 
mum corrosion resistance, but 5% Si alloy 
electrodes are favored for any alloy because 
of excellent fluidity. Arc welding may be 
3 times as fast as arc welding of steel, but 
too rapid advance produces poor penetra- 
tion. The mechanical properties of arc- 
welded aluminum and its alloys are ex- 


cellent. WB (2b) 
Heat Treating Clad Aluminum Alloys 


THE PROGRESS OF DIFFUSION IN C1 
ALUMINUM-COPPER-MAGNESIUM ALI 
(‘Zur Kenntnis des Diffusionsverla 
in Al-Cu-Mg-Verbundwerkstoffen—D 
schichten aus Reinstaluminium, R 
aluminium, und Al-Mg-Si-Legierur 
H. J. SEEmMANN & M. DvupDeEK. 

minium, Vol. 22, Oct. 1940, pp. 521 

Investigation. 


In the course of the manufacture a 


1eat 
treatment of duralumin-type alloys cla. with 
high - purity aluminum, commercial rity 
aluminum or aluminum - manganese mag- 
nesium-silicon alloy (1 Mn, 0.5 Mg 0.25 
Si, 0.2 Fe) diffusion of alloying el« nents 
from the core material into the coatin2 oc- 
curs. The effects of such diffusion ° ac- 
cording to the nature of the coating ayer. 
The thickness of the clad layers test: | was 
4-6% of the total thickness, and the prog- 
ress of diffusion was investigated at iffer- 
ent temperatures with different ann: aling 
times. 

It was found that copper diffusion into 
the commercially pure aluminum and, more 
pronouncedly, in the highly pure aluminum 
occurs preferentially at the grain boun- 


daries, while with the alloy cladding the 
diffusion is characterized by a common dif- 
fusion front for grain boundary and grain 
.nterior. Curves could be established for 
the depth of penetration of copper as a 
function of the duration of annealing at a 
constant temperature and also as function 
of the annealing temperature for constant 
annealing times. Such curves can be used 
as a basis for determining the best heat 
treatment to obtain a definite condition of 
diffusion. 

With regard to corrosion resistance of 
the various layers, the faster grain boundary 
diffusion and consequent formation of “cop- 
per channels” in the two types of aluminum 
cladding can hardly have a favorable effect, 
especially in the age-hardened state. Crack- 
ing and fracture of the layers have often 
been observed to be typical of this type 
of cladding and such defects can be trac 
to the grain boundaries, where copper has 
accumulated by diffusion. Where these 
cracks had penetrated to the core material, 
inter-crystalline corrosion could always 
observed in the latter after extended ex- 
posure to corrosive action. This harmful 
effect of copper diffusion was not observ 
in clad layers of the aluminum-manganese- 
magnesium-silicon alloy. Ha (2b) 
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The Q-C-f- Berwick Electric Forging Heater heats bars 
of any diameter from Vg to 212”. The electrodes are 
water-cooled. An Electric Eye controls temperature. This 
but one of the many models of Q-Cf) Berwick Elec- 
ic Metal Heaters designed to heat anything from a rivet 
a six-foot bar. Electric heating is economical. Throw 
the switch; the work heats in a few seconds. Pull the 
vitch; expense ceases. Write for descriptive literature. 
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Lead Anodes for Zinc Plating 


“INVESTIGATION OF LEAD ANODES IN THE 
ELECTROLYSIS OF ZINC SULFATE SoLuvu- 
Tions.”” A. E. Korenic (Montana School 


of Mines), J. U. MacEwan (McGill 
Univ.) & E. C. Larsen (Univ. Wiscon- 
sin)) Trans. Electrochem. Soc., Vol. 79, 
1941; Preprint No. 8, 12 pp. Research. 


In the electrodeposition of zinc, pure so- 
lutions are necessary for securing satisfac- 
tory deposits. Since insoluble anodes, such 
as lead, may be used, it was of interest to 
study the effect of impurities in the bath 
and in the anodes on the electrochemical 
behavior of the anodes and on the quality 
of the cathode deposit. 

The bath contained zinc (as sulphate), 
10 g./l.; and sulphuric acid, 105 g./l. The 


@ Welding Inconel carburizing boxes at 
the plant of The Michigan Steel Castin 

Co., Detroit. These boxes are fehclasted 
from 4” Inconel* sheets. Lighter boxes 
transfer heat quicker, reduce fuel con- 
sumption, step up production and furnace 
efficiency. Inconel retains a high propor- 
tion of its strength and toughness at ele- 
vated temperatures and has excellent 
resistance to oxidation and carburization 
under high heat. Finally, after long serv- 
ice life, tough Inconel containers offer 
another cash saving by bringing higher 
scrap prices. 











ADVANTAGES OF INCONEL 
AT HIGH TEMPERATURES 


Maintains high strength and duc- 
tility. 


Very resistant to oxidation. Oxide 
adherent, does not readily scale off. 


Resistant to carburization. 


Resistant to the effects of nitriding 
gases. 


Resistant to hydrogen, cracked am- 
monia and other protective atmos- 
pheres. 


Makes ductile welds, not subject to 
inter-granular deterioration. 


Free from excessive distortion dur- 
ing sudden temperature changes, 
due to low coefficient of thermal 
expansion. 


~— a oi & WH 


Readily formed inte complicated 
shapes. 


Mill forms and welding rod avail- 
able from mill stocks. 





























presence of the following elements in quan- 
tities of 0.001-0.05 g./l. in the electrolyte 
did not materially affect the potential of the 
lead anode: sodium, magnesium, manganese, 
nickel and iron. Cobalt, however, caused 
the anode potential to be about 0.12 volt 
less noble, and both cobalt and nickel 
caused a re-solution of the zinc deposit on 
the cathode. In the presence of cobalt, the 
lead anode did not become covered by a 
coating of PbOs. 


The lead alloys employed as anodes were 
binary alloys of lead with bismuth, mag- 
nesium, arsenic, cadmium, antimony, tin 
and silver. Small quantities of these metals 
were dissolved from the anode during elec- 
trolysis and with the exception of mag- 
nesium, adversely affected the deposit of 



















HIGH TEMPERATURE APPLI- 


CATIONS analyzed and pictured 
in a recently printed Bulletin C-8. 
For latest facts on “High Tempera- 
ture Uses of Monel, Nickel and 
Inconel,” write to: 

THE INTERNATIONAL NICKEL 


COMPANY, INC. 
67 Wali Street New York, N. Y. 


*“Inconel” is a 
registered trade- 
markof The Inter- 


national Nickel 
Company, Inc., which is applied to a nickel alloy 
containing approximately 80% nickel, with addi- 
tions of chremium and iron. 








zinc. Lead dioxide did not form on the 
lead-silver alloy anode. 

In general, lead to the extent of several 
hundredths of a percent was found in the 
zinc deposit. This was shown to be due to the 
occlusion of PbOs, which was formed at 
the anode and became suspended in the 
bath. The amount of lead impurity in the 
cathode deposit could be reduced by bag. 
ging the anode, or by preventing the for- 
mation of PbO, through the use of the lead. 
silver alloy anode, .or by adding a cobalt 
salt to the electrolyte. AB (2b) 


Which Process for Anodizing? 


‘FORMATION OF ANODIC COATINGS on 
AtuminuM.” J. D, Epwarps & Frep 
KELLER (Aluminum Research Labs 
ans. Electrochem. Sox Vol. 79, 19 
Preprint 79-11, 8 pp Researc! 


The coatings formed on aluminum by 
anodic oxidation in dilute solutions of sul- 
phuric, oxalic, chromic and boric acids are, 
as far as can be determined by X-ray and 
electron diffraction methods, amorphous. 
They are comprised chiefly of aluminum 
oxide but also contain substances adsorbed 
from the electrolyte. 

Coatings formed in boric acid electrolyte 
are substantially impervious and non-adsorp- 
tive; whereas, those formed in sulphuric, 


oxalic and chromic acid electrolytes are 
porous and adsorptive. The porosity the 
latter type of coating is attributed to the sol- 
vent action of the electrolyte and this po- 
rosity is thought to be responsible for the 
adsorptive characteristics of these coatings: 


The presence of pores permits the continu- 
ous passage of current; consequently, coat- 


ings made in these electrolytes can be pro- 
duced with a substantial thickness 
For the elecrtolytes investigated, the an- 


odic oxidation process is about 100°; effi- 
cient as far as the conversion of aluminum 
to oxide is concerned. As a result of the 
solvent action of the more powerfu! elec- 
trolytes on the oxide, the apparent current 
efficiency in terms of oxide remaining as 


coating was shown to be as low as 59% or 
less. 

Thus, experiments with coatings formed 
in boric acid-borax electrolyte (90 g./l. 


boric acid and 2 g./l. borax) at 230 Vv. 
and at a temperature of 95° C. showed a 
current efficiency of 96.6% in the forma- 
tion of the coating. However, alumina 
slowly accumulates even in boric acid elec- 
trolytes. The current density with the 
chromic acid electrolyte is only about one- 
quarter that used with sulphuric acid and 
oxalic acid, and the coatings made in 
chromic acid electrolyte are usually quite 
thin, 0.0001 in. (2.5) or less in thick- 
ness. 

The fact that the oxide occupies a larget 
volume than the metal from which it is 
formed is demonstrated visually. This in- 
crease in thickness resulting from the ap- 
plication of an anodic coating must be con- 
sidered where close fits are required be- 
tween coated parts. The size of the in 
cgease should vary, depending upon the 
amount of coating lost through the solvent 
action of the electrolyte. In one case, 4 
piece of aluminum foil 1 mil in thickness 
was completely oxidized in sulphuric acid 
electrolyte and the foil increased in thick- 
ness by an amount equal to about one-third 
the thickness of the coating formed. Coat- 
ings produced with sulphuric acid electro- 
lyte are usually several times as thick as 
those obtained when a chromic acid elec- 
trolyte is employed. FPP (2b) 
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Physical and Mechanical Properties (including Fa- 


tigze and Creep). 


Corrosion and Wear. 


Engineer- 


ing Design of Metal-incorpoating Products. Selec- 


tion of Metals and of Metal-Forms. 
Metals with Non-Metals. 


Competition of 
Specific Applications of 


Metals and Alloys. 


Aircraft Metals at Low Temperature 


“EFFECT oF LOw ‘TEMPERATURES ON 
THE PROPERTIES OF AIRCRAFT METALS.”’ 
SAMUEL J. ROSENBERG. Journal Res. 
National Bur. Standards, Vol. 25, Dec. 


1940, pp. 673-701. Investigation. 


The effect of subzero temperatures down 
to —110° F. on the tensile properties, hard- 
ness, and impact resistance of metals com- 
monly used in aircraft construction was de- 
termined. The materials were divided into 
3 general groups: (1) ferritic steels, (2) 
austenitic stainless steels and nickel alloys, 
and (3) light metal alloys (both aluminum- 
and magnesium-base). 

In making the tensile tests at —110° F. 
an insulated container was screwed on the 
bottom of the specimen directly above the 
lower adapter. This container was filled 
with cracked carbon dioxide and a 50-50 
mixture of carbon tetrachloride and chloro- 
form. An especially designed extensometer 
using Ames dials reading directly to 0.001 
in. was used in obtaining the strain meas- 
urements. Hardness tests were made with 
a Rockwell machine. 

An insulated container, made integral 
with an anvil which fitted into the elevating 
screw of the machine, was used to hold 
the refrigerating mixture. In making the 
impact tests, a modified Charpy V-notch 
specimen was used. The specimens were 
placed in an insulated container holding the 
cooling bath, held at temperature for at 
least 30 min., and then quickly transferred 
to the impact machine and broken. 

In the ferritic group the following mate- 
rials were studied: SAE 1045, 1095, 2330, 
X4130, 6130, chromium-nickel-molybdenum 
steel, high-chromium low-nickel steel. In 
the austenitic group the following alloys 
were tested: 18-8, 18-8 with titanium, 
18-8 with columbium, 18-8 with molyb- 
denum, K-Monel, Monel, nickel, Inconel. 
In the light metal group the following al- 
loys were tested: 38, 17ST, 17SRT, 24ST, 
24SRT, 25ST, 25SRT, 27ST, 52S, 195-T4, 
220-T4, 355-T4. 

The tensile properties and the hardness 
of all materials were generally improved 
at low temperatures. The resistance to im- 
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pact of the ferritic steels decreased gener- 
ally as the test temperature was lowered, 
the rate and nature of the decrease being 
dependent on the type of steel and its treat- 
ment. The impact resistance of the austeni- 
tic stainless steels and the nickel alloys 
was not deleteriously affected and they were 
considered best adapted for service at low 
temperatures. 

The impact resistance of the aluminum- 
base alloys was not decreased; the impact 
resistance of the wrought magnesium-base 
alloys was adversely affected by the low 
temperatures, while that of the cast mag- 
nesium-base alloys was not. These last- 
named materials were, however, extremely 
brittle—even at room temperature. 


WAT (3) 
3a. Ferrous 


Strong Non-Magnetic Steel 


Non-MAGNETIC S1RUCTURAL STEEL WITH 
17 to 18% Mn (‘‘Unmagnetische Bau- 
stahle mit 17 bis 18% Mangan’’) G. 
Riepricn. Stahl u. Eisen, Vol. 60, Sept. 
12, 1940, pp. 815-818. Original research. 


The electrical manufacturing industry re- 
quires a strong non-magnetic structural 
steel for many types of electric machines. 
Formerly austenitic steels with 0.5% C 
and 25% Ni or 0.5% C, 4-10% Mn and 
8-16% Ni were used. Recently higher 
manganese steels have been substituted for 
the manganese-nickel steels. 

The austenitic manganese steel with 1- 
1.4% C and 12-15% Mn has the draw- 
back that it is very hard to machine. 
However, the machinability is greatly im- 
proved by lowering the carbon. The car- 
bon can be brought down to as low as 
0.3% if the other austenite stabilizing ele- 
ments are raised. About 8% Cr as well as 
2.5% Si injured the machinability, but 
1.5% Ni and 0.05% S improved it. Add- 
ing about 0.1% Nz: raised the yield 
strength. 

It was concluded that a steel with 0.3% 
C, 17% Mn, and 1.5% Ni gave as good 
mechanical properties as the nickel or 
nickel-manganese austenitic steels, and even 
better machinability. SE (3a) 





Age-Hardenable Hardfacing Alloys 


PRECIPITATION-HARDENING ALLOYS as 
Wear-REsSISTANT Buitp-Up Wetpinc 
MatTeriats (“‘Aushartbare Legierungen 
als verschleissfeste Aufschweisswerk- 
stoffe’’) FP. _EHLERs. Autogene Metail- 
bearbeit., Vol. 33, Dee. 1, 1940, pp. 
301-304. Descriptive. 
Hardfaced layers of great hardness, above 
65 Rockwell C, are usually cobalt-iron base 
alloys with 4-5% C; these are often diff- 
cult to weld-on and tend to crack. New 
alloys for this purpose have been developed 
of lower carbon content but equal hard- 
ness, the hardness being obtained by pre. 
cipitation hardening. The precipitation js 
produced by heat treatment after the hard- 
facing operation. 
Iron-nickel and iron-cobalt alloys with 
beryllium and carbon (1.2-3.5% C) have 


given good results, e.g. a nickel-base alloy 
with 15% Cr, 15 Fe, 2 Mn, 7 Mo and 06 
Be, whose cold-rolled hardness of 3209 


Brinell could be increased to 450 Brinel] 
by precipitation-hardening. The highest 
hardness was obtained in an alloy of 34% 
Co, 50 Fe, 15 Cr and 1 Be, which after 
quenching from 1920° F. had a hardness 
of 225 Brinell, after cold-rolling 470 
Brinell, and after precipitation-hardening 
680-700 Brinell (60-62 Rockwell C). 
Commercial alloys of this type called 
“Gridur E” with under 3.5% C can be 
hardened, without previous quenching, by 
aging at about 1475° F. and give a hard- 
ness of 65-67 Rockwell C. Ha (3a) 


Iron Castings at High Temperatures 


‘*Use oF Cast [Ron APPARATUS aT H 
TEMPERATURES,” G. N. TROITs: 
Metallurg, Vol. 15, Aug. 1940, 

50-53. In Russian. Experimental 


Studies were conducted of seven iron 
castings that had been used for ext: nded 
periods at 380° and 700° F. It was tvund 
that high-silicon high-carbon cast iron may 
“grow” even at 400° F. Although growth 


of 1-2% may not be dangerous in itself, 
if internal or external stresses, or oth 
together, should be co-existent, it in- 
advisable to use any weak open-grained iron 
for 400° F. service. 

However, strong close-grained it of 


good strength in actual castings sections is 
safe for usage at 660°-700° F., if proper 
design is employed and internal stresses 
are absent or removed. The author states 
that with 1.4-1.7% Si and 0.15-0.20 Cr 
no growth is observed at 600° F. [The 
practical significance of the author's find- 
ings is that limitations on temperature of 
usage of cast irons depends on the quality 
of the metal in the castings. Use of the 
A.S.T.M. A48-36 specification, which takes 
into account both strength and section 
effects, or specification of definite classes 
for definite structures (as in some AS.A. 
standards) may well allow safe usage at 
temperatures beyond the 450° F. of the 
A.S.M.E. Boiler Code and other ratings. 
—J.WB.] BZK (31) 


Cast Crankshafts—Fatigue Behavior 


Benavior oF Some CRANKSHAFT CAST- 
ING MATERIALS UNDER FatTiGuE STRESS- 
ING, IN BENDING AND Torsion (“Ver- 
halten einiger Kurbelwellen-Gusswerk- 
stoffe bei Dauerbeanspruchung bei Bie- 
gung und Verdrehung’’) H. CorNevivs. 
Giesserei, Vol. 27, Dec. 13, 1940, pp- 
491-499. Investigation. 


For evaluating the suitability of casting 
materials to be used for crankshafts, notch 
sensitivity is considered to be more im- 
portant than bending and particularly tor- 
sion fatigue strength. Four materials, mall- 
eable iron, alloy gray iron, high-carbon 
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steel, and rolled steel were tested for torsion 
fatigue under 3000 load reversal per min. 
up to a maximum of 10 million reversals, 
with and without notch. 


The alloy iron and malleable castings, 
with their graphite and temper-carbon con- 
stituents, showed high bending fatigue 
strength of notched specimens in relation 
to their tensile strength; this is explained 
primarily by their considerably lower notch- 
sensitivity as compared with rolled steel 
Transversely drilled samples of high 
strength castings also had high torsion 
fatigue strength in relation to tensile 
strength, and this is explained as due to 
the high ratio of torsion fatigue strength 
to tensile strength of smooth specimens. 


The fatigue strengths of high-grade 
hardenable steels are not reached by the 










... and that’s how ONE 


cast irons, because of the high tensile 
strength obtainable by hardening the steels. 
Soft iron has a high ratio of bending 
fatigue strength to tensile strength and a 
lower notch-sensitivity in fatigue bending. 
The values of bending fatigue strength of 
smooth and notched samples of soft iron 
were higher than the corresponding figures 
for malleable castings of equal static 
strength. Ha (3a) 


3b. Non-Ferrous 


Aircraft Design for Magnesium 


“Present Status oF Uttra-Licnt AI 

LOYS IN ArTRCRAFT Construction.” Light 

Metals, Vol. 3, Feb. 1941, pp. 3-6. 
Review. 


Improved casting and working techniques 
and effective protection against corrosion 
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Manufacturer Profits by the use of AMPCO METAL 


How about you? Is “metal failure’ causing trouble in any 
part of your product or production tools? AMPCO METAL 
— the service-proved aluminum bronze alloy — may be 
the answer. It's outstanding in its resistance to wear — its 


toughness and strength — its resistance to impact, stress, 
AMPCO 


fatigue and corrosion. Where other metals fail, 


very often succeeds. Isn’‘t 
it worth trying? Explain 
your problem and our tech- 
nical staff will work out 
recommendations. There's 
no obligation. Write — 


AMPCO METAL, INC. 
Dept. MA-4, 


Milwaukee, Wisconsin 
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have been responsible for the greatly jn. 
creased use of magnesium alloys in air. 
craft in recent years. The notch sensitivity 
of magnesium alloys has been largely mini- 
mized by the use of proper design. 

While magnesium alloys were Originally 
used only in large, unstressed parts such 
as crankcases, present day techniques per. 
mit their use in many moderately-stressed 
parts such as certain engine components 
airframe structure, landing gears, etc. Such 
use has achieved a noteworthy reduction in 
total weight. In the ‘Master’ hghter 
trainer, there are 360 separate magnesium 
alloy castings, of which 235 are different. 
In the German “Arado A.R. 79” trainer 
the monocoque fuselage, cowlings, flaps, 
etc. are constructed of magnesium alloy 
sheet. 


One of the most readily defined trends js 
the use of magnesium castings in engine 
construction. Some of these are crankcase 
sections, super-charger casings and housings, 
intake manifolds, thrust bearings, accessory 
and starter drive housings, camshaft covers 
and housings, and pump bodies. A few of 
these alloys provide satisfactory bearing 
surfaces: For example, the sliding member 
in nickel-chromium steel, of an internally 


sprung landing gear, bears on the magne. 
sium alloy casting rather than « the 
phosphor bronze sleeve originally u: 

The undercarriage provides applications 
€or magnesium alloy forgings, particularly 
in members subject to oil under pressure 
such as hydraulic jacks and auton cut 
outs. Many German machines are e ped 
with forged magnesium alloy engin sup- 
ports. Some authorities believe tha’ mag- 
nesium alloys will be eventually | for 
engine pistons. The magnesium al air- 
screw is in commercial production Eng- 
land. The early failures of magnesium 
alloy airscrews have been overc by 
suitable design, forging technique a: | cor- 


rosion protection. 


Magnesium alloy sheet and ext: . sions 


have been almost entirely confined in- 
stressed or lightly stressed appli . tions. 
Outstanding exceptions to this are use 
of magnesium alloy extrusions for th main 
spars of the flying boat DO-X, an: mag- 
nesium alloy sheet in the Arado . ircraft 
previously mentioned. Sheet is or .narily 
used in oil and fuel tanks, cowlings cabin 
linings and partitions, pressed paris for 


seats, etc. Where strength is of secondary 
importance, the saving in weight in replac- 
ing aluminum alloy may be as much as 
33%. It seems quite probable that mag- 
nesium alloy sheet will be successfully 
used for wing and fuselage coverings, even 
in ultra high speed aircraft. The use of 
thicker sheet would make possible accurate 
profiles free from local irregularities 

The amount of weight that could be 
saved in this manner is still a matter of 
conjecture. In a pure monocoque, the 
use of magnesium alloy in place of alumi- 
num would result in a weight saving of 
26% in flat sheet and 20% in curved sheet. 
Theoretical analyses carried out on sheet 
stringer combinations in aluminum and 
magnesium alloys indicate that for sections 
of equal weight, the load carried by the 
magnesium unit would be some 32% great- 
er than that carried by the aluminum séc- 
tion. While these figures were obtained 
from theoretical considerations and are not 
necessarily an accurate guide to practical 
possibilities, they do justify additional work 
along these lines. 

Aluminum pigments have been found to 
provide adequate corrosion protection i 
many atmospheres. Paints with aluminum 
pigments are used over magnesium alloy 
ALLOYS 
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treated with either the chrome-pickle or 
phosphoric acid processes. While magne- 
sium alloys thus protected are suitable for 
use in marine atmospheres, frequent actual 
contact with sea water must be avoided. 

AUS (3b) 


Aluminum Alloy 
Permanent-Mold Castings 


‘(GRAVITY Die-CASsTINGS IN HicH 
SrrENGTH ALUMINUM ALLoy.” Foundry 
Trade J., Vel. 64, Jan. 2, 1941, pp. 


3, 4, 6. Descriptive. 


[he advantages accruing from the use 
of permanent-mold castings in aluminum 
alloy have been emphasized in an earlier 
article (Foundry Trade ] Vol 054, Nov 
28. 1940, p. 348) on motor-vehicle con- 
struction. Generally speaking, parts re- 
quired in lots of 1000 or more per year 
will justify consideration of permanent- 
mold castings. 

For such components as radiator and 
water-pump parts, gear-boxes, housings 
and manifolds, high-silicon alloys have 
been widely used. For pistons, these alloys 
or more complex materials such as “Y”’ 
alloy are used. In all cases the design 
requirements are complicated by the need 


for a combination of castability, good ten- 
sile strength, stiffness, resistance to mo- 
mentary overloading, corrosion-resistance, 
etc 

L| properties desired are claimed to 
have been combined in a new casting alloy, 
known as N.A. 226, containing 4-5% Cu, 
0.9 x. Si, 0.7 max. Fe, and 0.25 max. 
Ti th impurities (Mg, Mn, Zn, etc.) 
less n 0.2. The alloy is heat-treatable, 
and a wide range of mechanical properties 
can obtained by varying the heat treat- 
mi [he 0.1% proof stress reached for 
thi y was as high as 50,000 Ibs./in.*, 
with clongation of 5% in 2 in. 

Parts that are normally made of forgings, 
involving costly dies, or built up from 
sheet and extruded sections with consider- 
able expense in machining and welding, 
may >< made of permanent-mold castings in 
thi igh-strength aluminum aHoy. The 
material meets a wide range of require- 
ments involving strength, stiffness, shock- 
resistance, etc. Its machining qualities are 


excellent, and its good natural resistance 
to corrosion can be improved by anodizing. 
However, this alloy does not flow so 
readily as the silicon-bearing alloys or 
“Y” alloy, and should not be used for 
castings of widely-varying thickness or for 
those with sectional thicknesses less than 
3/16 in. Other points requiring considera- 
tion are shrinkage on solidification and 
hot-shortness. Adequate radii should be 
provided, both in order that the metal may 
flow into the corners, and also to facilitate 
extraction from the die. These considera- 
tions all lead to complexity of the die 
design, so that not in all cases are parts 
practicable for production in this alloy. 


AIK (4b) 


Silver in Battery Lead Alloys 


“THe Errect or Sitver (0.05 to 0.15 

PER CENT) ON Some PROPERTIES AND 

THE PERFORMANCE OF ANTIMONIAL LEAD 

STORAGE Battery Grips.” Corin G. 

Fink & A. J. Dornsiatr. Trans. Elec- 

trochem. Soc., Vol. 79; Preprint 79-10, 
37 pp. Research. 


Although the interesting corrosion-resist- 
ant properties of lead anodes containing 
Silver have been known for some time, no 
Previous study of the effect of silver pres- 


ent in storage battery grid metal has been 
published. The study is of interest because 
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battery life and increases the amount of 
charge retained on open circuit. Practically 
complete corrosion inhibiting is achieved by 
0.10-0.15% Ag. Life was prolonged about 
higher electrical resistance than pure lead. 4%. Batteries whose grids contain silver 


ordinary antimonial lead, although involv- 
ing less corrosion of the positive grids and 
lower charging potential, is subject to more 
rapid sulphation, tends to pit, and has a 


The addition of silver is an attempt to are less likely to overheat on overcharge. 
overcome some of these deficiencies without Chill-cast antimonial-lead grid alloys 
sacrificing the beneficial effects of antimony containing 4.8% Sb can be heat-treated with 
—chiefly improved castability, stiffness, and marked improvement in strength and some 
tensile strength—in the grid alloy. improvement in conductivity; the addition 
Sixteen 6-cell storage batteries, repre- of 0.05-0.10% Ag increases the maximum 
senting 16 different grid compositions, were strength obtainable by about 20%. The 
commercially assembled for tests of battery highest strength is reached in the alloys 
performance, capacity, retention of charge of lowest (4% Sb) antimony content. In 
on open circuit and battery life. The grid the absence of heat treatment, up to 0.15% 
alloys tested contained 4-12% Sb, and the Ag has little effect on the strength of these 
amounts of silver added ranged from 0.05 alloys. 
to 0.15% Ag. Thus, some of the deficiencies of the 
About 0.1% Ag added to the antimonial present antimonial-lead storage battery may 
lead inhibits anodic corrosion, increases be overcome by (a) adding 0.10% Ag to 
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The production of corrosion-resisting equipment requires well- 
trained and highly skilled workmen. Ordinary foundry practices will 
not suffice for the exact controls demanded. 

Many of our personnel have been with the Company since its earliest 
years. Around these men our present highly specialized organization 
has been developed. 

Manufacturing facilities have kept 
pace with new developments in 
alloys and products. Coal-fired 
reverberatory furnaces, high-fre- 
quency electric induction  fur- 
naces, gas-fired crucible furnaces 
and a battery of heat-treating fur- 
naces make possible the melting 
and heat-treating of a wide va- 
riety of alloys under strict control 
of a modern chemical and metal- 
lurgical laboratory. 

This specialized experience is 
available to you in standard models 
of corrosion-resisting equipment 
or in special castings from your 
own designs. 
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the present grid alloy used for the positive 
plate, or (b) adding 0.10% Ag to both 
positive and negative plates of the 4% Sb 
or 6% Sb alloy and using the grids in the 
heat-treated conditions. To do this in. 
creases the cost but slightly. In the case 
of the heat-treated alloy, the cost is not 
increased and may even be slightly reduced 
by replacing 4-8% Sb with 0.10% Ag. 
And incidentally, the general adoption of 
the low-silver, low-antimony lead alloy for 
battery grids could go a long way toward 
solving the strategic problem of antimony 
supply. It would also be a step in the 
direction of absorbing some of our huge 
surplus of silver. FPP (3b) 


Pitting of Non-Ferrous Alloys 


“INFLUENCE OF STRESS ON THE (\ 
ROSION PITTING OF ALUMINUM Bronz 
AND Monet METAL IN WATER.” Duwi 


J. McApam, JR. & GLENN W. Get! 

Journal Res. National Bur. Standard 

\ ol. 26, Feb. 1941, pp. 135 16 
Research. 


Corrosion pits in aluminum bronze, un- 
like the pits in steels, generally are not free 
to assume a roughly hemispherical form but 
are confined between crystallites of the al. 
pha phase. Pits in Monel metal are more 
like those in steel. Pits in aluminum bronze 
and Monel metal are much smaller than 
those in steel. 


Cyclic stress tends to increase bx the 
size and sharpness of the pits. The effec- 
tive stress concentration that causes the low- 
ering of the fatigue limit depends on both 


the size and the sharpness. A sufficiently 
high combination of stress, cycle freq. ency, 


and corrosion time causes fissures de- 
velop from blunt pits. Fissures the 
aluminum bronze generally are oblique, 
whereas fissures in steel and Monel metal 


tend to be perpendicular to the direction of 
the principal tensile stress. 

The curves of decrease of the f tigue 
limit with corrosion time are of the acceler- 
ated-damage type. Such curves are obiained 
when the corrosion rate is anodicall\ con- 
trolled. With these two alloys, therefore, 
the pits in a specimen have a wider range 
of size and sharpness than the pits formed 
under cathodic-control, as in steels. The 
pit that caused the lowering of the fatigue 
limit may have been much larger and sharp- 
er than the pits found in the sectional 
views. The damage may then be greater 
than the sectional views would indicate. 
Many of the sectional views, however, give 
good correlation with the resultant fatigue 
limits. 


Steady stress tends to accelerate corro- 
sion of aluminum bronze but has little ap- 
parent effect on the corrosion pitting of 
Monel metal. WAT (3b) 


Service-Softening of Copper Wire 


“Tue EFFECT oF PROLONGED HEATING 

AT 80° C. on Copper Wire.” E, Voc 

J. Inst. Metals, Adv. Copy No. 889, 
1941, 7 pp. Research 


Three different brands of electrolytic cop- 
per, each in the form of hard-drawn wire 
of two different diameters, were heated at 
80° C? for periods up to 18 months. The 
degree of softening of the wires as deter- 
mined by the tensile test was not apprect- 
able with some of the materials and in no 
case was it complete. 

The results show that the softening of 
hard - drawn high - conductivity copper wire 
on long heating at 80° C. is less than was 
asserted by von Zeerleder and Bourgeots. 
Analyses of the wires are given, and im- 
dicate that those with the most silver soft- 
ened the less. JLG (4b) 
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5pection. Routine Conti 


‘ol and Instrumentation, X-ray 


and Magnetic Inspection. Spectrographic and Photo- 

elastic Analysis. Corrosion. and Wear-Testing. Ex- 
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lographic Structure and Constitution. 


Photomicrographic Exposure Meter 


ExposuRE METER FOR’ PHOTO- 


of exposure meter popular with amateur 
photographers, is described. 


RAPHY.” H. S. JeraBeEK & W. The “Instoscope’, an inexpensive cyl- 

Vorr. Metal Progress, Vol. 39, inder-type meter capable of measuring the 

1941, pp. 330-332. Descriptive very low light intensities used in photo- 

S: | methods of estimating exposure micrography, was the instrument employed. 
time photomicrography have been pro- The intensity of the light reaching the 
pos nost of them too cumbersome for ocular of the microscope is measured by 
wid plication. A simple method, in- holding the meter (by an adapter) in the 
vol) he adaptation of an extinction type position normally occupied by the eye- 
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piece. Such an adapter can be made of 
darkened cardboard or metal tubing. 

Calibrated scales are presented in the 
article, to provide for specific conditions 
of film speed, filter factors, objective aper- 
ture, and magnification. The scales are 
carefully worked-out modifications of the 
calculator chart data on the instrument 
as-purchased. 

In using the meter, after the microscope 
has been focused, the field selected and 
iris diaphragms adjusted, the visual eye- 
piece is replaced by the exposure meter. 
A reading is taken for the light intensity 
with the color filter in place. About 15 
sec. is allowed for the eye to become ad- 
justed to the dim light before the reading 
is made. The faintest letter that can be 
read on the step scale is used as the light 
intensity value in computing exposure by 
means of the calculator chart (4) 


Soaking Pit Control 


““SoakinG Pir Conrrou.”” M. J. Bouo 

(Hagan Corp.) Jron & Steel Engr., Vol. 

18, Jan. 1941, pp. 34-42; discussion. 

pp. 42-43, 53. Descriptive Review. 

Present-day pit designs produce more and 
better-heated ingots at lower cost. Surface 
imperfections in slabs and blooms, attrib- 
utable to improper ingot heating, can be 
practically eliminated because of the more 
precise control of furnace temperature and 
atmosphere available with the new pits 
Output per unit of floor space is increased 
by the more efficient applications of heat 
to the ingot and by the reduction in lost 
heating time caused by excessive bottom 
making and refractory maintenance. Cost 
per ton of ingots is dropped due to the 
lowered fuel consumption and the de- 
creased labor cost per ton of ingots heated. 

While different in construction and meth- 
od of operation, all of the new pits have 
one thing in common—automatic control 
as an intergral part of the installation. The 
functions of the automatic control apparatus 
follow in principle the operating methods 
used by the heater when operating the pit 
under manual control, with the exception 
that the judgment of pit temperature, at- 
mosphere and pit pressure is based on direct 
measurement. 

The heater operating a soaking pit is 
continuously interested in 3 factors other 
than the physical handling of the steel 
ingot; these are rate of heat input, fuel- 
air ratio, and rate of flue gas removal or 
furnace pressure. The pit may be charged 
with ingots taken from storage and cold 
throughout, or it may receive ingots imme- 
diately after stripping which, while having 
a solid shell, are still molten within. In 
either case, a correctly heated ingot of 
proper rolling temperature, uniform 
throughout its entire mass, free from wash- 
ing, and having the right kind and thick- 
ness of surface scale, must be produced. 

Heat input to the modern soaking pit 
Should depend entirely on the ability of 
the steel charge to absorb heat. The method 
in present use for heat input control in- 
volves the measurement of temperature at 
some particular point within the pit. In 
some cases, this is the temperature of a 
thermocouple in the cover, in the sidewall, 
or in the flue gases leaving the pit; or, 
again, it may be a combination of two of 
the above. In any case, the temperature of 
the control point is not the temperature of 
the steel ingot, but merely relative to com- 
bined pit and ingot temperature. This re- 
lationship is determinable by test. 

The fact that the control point is up to 
temperature, even after calibration, is not 
indication enough of itself that the steel is 
properly heated. Another factor must be 
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considered—the actual flow of heat to the 
pit. The rate of heat input to the modern 
pit can be controlled by primary variation 
of the fuel flow or the air flow, since fuel- 
air ratio regulation is always part of the 


other cause, fuel is automatically reduced 
in proportion by the fuel-air ratio control, 
thereby lessening the danger of explosion. 

An important feature in fuel-air ratio 


control for soaking pits is a means for 
adjustment to slightly increase the ratio 
of air to fuel as firing rate is decreased. 
This becomes more important as the pits 
become larger and more heavily insulated, 
and the spread between maximum firing 
rate and that necessary to supply radiation 
losses becomes greater. An increase in ex- 
cess air is helpful, since it tends to increase 
the volume of the products of combustion 
and to lower their temperature, with the 
result that heat can be transmitted by con- 
duction to all parts of the pit. 

The pressure within the pit chamber is 
an indication of the balance between the 
rate of air and fuel input and the rate of 


control equipment. 

If the heat input control, or as it is more 
commonly called, the temperature control, 
varies the rate of fuel input, the ratio con- 
trol proportions air flow. If the tempera- 
ture control varies air flow, the fuel-air 
ratio regulator adjusts the fuel. For varia- 
ble Btu. fuels, the second method is to be 
preferred as changes in calorific value are 
felt immediately by the Btu. correcting 
mechanism and compensated by a variation 
in flow, even before a temperature change 
takes place. Control of heat input by varia- 
tion of air flow has another advantage; on 
loss of air, due to fan failure or some 
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gas removal. With the pit in operation 
an umnvarying furnace pressure indicates 
that flue gases are removed as fast as they 
are formed. An increasing pressure shows 
too slow a rate, and a decreasing Pressure, 
too fast a rate of removal. A regulating 
device designed to feel this pressure can 
be arranged to open the outlet damper if 
the pressure increases and to close the 
damper if the furnace pressure tends to 
drop. By properly operating the damper 
the opening can be made exactly propor. 
tional to the requirements, and the furp. 
ace pressure can be kept at a constant 
value at all times. 

The point from which to control furn. 
ace pressure, for much the same reason as 
with temperature control, depends entirely 
on the pit design and the method of firing. 
It is conceivable that it might, in some 
cases, be desirable to vary the furnace 
pressure in accordance with firing rate for 
better application of heat to the ingots. 

As a matter of fact, one manufacturer of 
soaking pits has made several installations 
where no attempt is made to maintain a 
constant pit pressure. The operation of the 
outlet damper is coordinated with the 
firing rate in such a manner as to produce 
the desired heating effect on all of the 
ingots in the pit, with no consideration of 
the actual furnace pressure. 

To illustrate the control principles dis- 
cussed, several schemes that have been or 
might be used under various conditions are 
discussed. (4) 


Magnetic Test Data for tron 


DETERMINATION OF THE MAGNETIC T- 


URATION INDUCTION OF IRON aT ! M 
TEMPERATURE.” Raymonp L. Sanvorp 
& Evert G. Bennett. J. of Res. \at 


Bur. Standards, Vol. 26, Jan. 1941 
1-12. Research. 


A determination of the magnetic satura- 
tion induction of iron at room temperature 
was made, using a modification of the 
Ewing isthmus method. This method pro- 
duces magnetizing forces up to 10,000 
oersteds with a moderate expenditure of 
power and without undue heating of the 
specimen. 

Specimens were taken from several ingots 
of iron of exceptional purity prepared at 
the National Bureau of Standards. Correc- 
tions were made for the effect of the small 
amounts of impurities present, and care 
was taken to minimize systematic and acci- 
dental errors. The value found for pure 
iron at 25° C. assuming a density of 
7.874 gm./cm.* is 21.58+ 0.01 kilogauss. 

WAT (4) 


Refractive Index for Slag Control 


“Tron CONTENT AND THE ANGLE OF 
POLARIZATION OF CHILLED SURFACES OF 
Oren Heartu Swac.” Micwaet TEN- 
eENBAUM & T. L. JoserH (Univ. Minn.) 
Blast Furnace Steel Plant, Vol. 28, Dec. 
1940, pp. 1157-1159. Research. 


As it is well known that the presence 
of FeO in minerals and glasses increases 
their refractive index, a study was made of 
the relationship between iron content and 
refractive index of open hearth slags. The 
samples used were chilled rapidly by pout- 
ing the slag into a cast iron mold, and 
only the section adjacent to the mold was 
studied, as this edge was essentially single- 
phased. 

Instead of measuring the index of refrac- 
tion, the angle of polarization, the tangent 
of which is the refractive index, was meas- 
ured and related to the iron content of the 
slag. A modified Fuess goniometer was 
used for measuring the angle of polariza- 
tion. The illumination source was 4 150- 
watt lamp. Light was first collimated and 
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after passing through a faint yellow filter 
was reflected from the polished slag sur- 
face. The reflected light then entered a 
polarizing eye-piece, the Nicol in which 
was set at right angles to the direction of 
polarization of the reflected light. After 
several trials, the angle of minimum light 
intensity was determined. 

Slags were taken from industrial furnaces 
during the refining periods of typical basic 
open hearth heats. Part of the sample was 
used for chemical analysis, the bottom sur- 
face being used for measuring the angle 
of polarization. Slag pieces were 14-Y in. 
square on their lower surfaces. Samples 
were polished dry, first on a coarse cCar- 
borundum paper and finally on a 00 abra- 
sive paper. The higher degree of polish 
facilitated the measurement. A minimum of 
material was removed by polishing 


The molar concentration of FeO in the 
slag was used for determining the relation- 
ship. Each mol of Fe:O; was considered 
equivalent to 2 mols of FeO. 

The results of numerous measurements 
indicate that the angle of polarization of 
the active portion of the slag increases as 
the FeO increases. This relationship is in 
accord with the general relation observed 
between iron content and refractive index of 
iron-bearing minerals. Deviations observed 
during this investigation are attributed to 
differences in the conditions of sampling 
and to the difficulty of ascertaining the ex- 
act composition of the chilled surface of 
the slag. Samples of slag taken immediately 
after large additions of ore gave a low 
angle of polarization for the iron content 
because all of the ore was not in solution. 

MS (4) 
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Spectrography of Aluminum Alloys 


‘‘An INVESTIGATION OF SOME Sources 

OF INACCURACY WHICH May ARISE IN 

THE SPECTROGRAPHIC ANALYSIS OF ALU- 

MINUM AtLoys.” A. G. QuarReLy & G. 

E. A. Bramuey. J. Inst. Metals, Ady. 

Copy No. 891, 1941, 23 pp. Research. 

It was proposed that a more accurate 
analysis of aluminum alloys could be made 
by combining solution and sparking than 
by sparking the metallic samples. It was 
found that errors of considerable magnitude 
could be introduced by variation in the 
photographic plates, and the magnitude of 
these errors is discussed in detail. 

The most satisfactory methods of esti. 
mating the relative intensities of the lines 
used for analyses are considered, and it is 
concluded that the blackening characteristics 
of each plate should be determined with 
the aid of a mercury-vapor lamp. JLC (4) 


Electrolytic Polishing of Aluminum 
Alloys for Metallographic Examination 


“How To ELECTROLYTICALLY POLISH 

METALS FOR METALLOGRAPHIC EXAMINaA- 

TION.” F, Ketrter (Aluminum Res, 

Labs.) Iron Age, Vol. 147, Jan. 9, 1941, 
pp. 23-26. Descriptive. 


Advantages of electrolytic polishing are: 
Large areas can be prepared for visual 
inspection; low and high power examina- 
tions are possible; personal skill is climin- 
ated; polished surfaces are free from 
flowed metal and have uniform  tching 
characteristics; all scratches are re:noved; 
and final polishing can be done 4uickly 
and economically. 

The disadvantages are: The metho | is not 
satisfactory for heterogeneous alluys be. 
cause some constituents are dissol\.d and 
others are left in relief; different condi- 
tions are required for different all\s and 
tempers to obtain best results; an! it is 
necessary to start with a smooth su: ‘ace. 

Electrolytic polishing results from _ the 
selective dissolution of elevated naterial 


on the metal surface; it is successtul only 
when the rate of solution of the metal of 
the elevations is greater than that in the de- 
pressions. Mixtures of perchloric acid, 
acetic anhydride and water and ot ortho- 


phosphoric acid and water are recommended 
for various metals. Electrolytic polishing 
produces its best results when the specimens 
are relatively pure metals or essentially 
solid solutions. 

In polishing aluminum alloys, the re- 
sults depend upon the type of microconstitu- 
ents present. To obtain satisfactory results, 
specimens with initially plane surfaces 
should be used. Satisfactory polishing can 
be obtained on specimens finished on 3/0 
or 4/0 metallographic emery paper. 


The equipment used for aluminum alloys 
includes a potentiometer and suitable in- 
struments for indicating voltage and cur- 
rent. Jacquet’s perchloric acid, acetic 
anhydride and water solution will give 
good results with high purity aluminum 
and some aluminum alloys. This solution 
is, however, inconvenient to prepare and 
operating conditions are critical. 


For several years aluminum has been 
polished electrolytically in the production 
of Alzak reflectors, and this Yering 
process has been used successfully for 
polishing aluminum alloys for metallo- 
graphic examination. The electrolyte used 
is a dilute aqueous solution of fluoboric 
(HBF,) acid. This solution is inexpensive 
and safe to handle, and the operatiag con 
ditions are much less critical than with 
Jacquet’s solution. (Procedure details are 
not given.) vsP (4) 
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Anodizing Aluminum 


ANopic OXIDATION OF ALUMINUM AND 
Irs ALLoys. By A. Jenny, translated by 
W. Lewis. Published by Chemical Pub- 
lishing Co., Inc., New York, 1940. Cloth, 
6; in., 231 pages. Price $6.50. 

A review (by the writer) of the original 
Gern edition of this book was pub- 
lished in the September, 1939, issue of 


METALS AND ALLOYS, page MA 562. Two 


senten from that review, the opening 
and closing ones, may well be repeated 
here. “This book is a welcome addition 
to the limited number of reference books 
dealing with the ‘anodizing’ or anodic 
oxidation of aluminum. A similar 
book in English would be very welcome.” 
Of the 


14 chapters in the book, the 
first 7, under the heading ‘General Part,”’ 
deal with the basic properties of metals, 
and particularly of aluminum, which 
underlie anodic oxidation. The properties 
discussed include general phenomena of 
dissolution of salts in water, behavior of 
metals towards liquids and towards gases, 
anodic processes during electrolysis, chemi- 
cal properties of aluminum, the electrolytic 
properties of aluminum and other “valve’’ 
metals, and the anodic oxidation of 
aluminum. 

The remaining 7 chapters, constituting 
the “Specific Part,” are devoted to the more 
practical aspects of the process, such as 
the properties of aluminum oxide films, 
chemical processes during treatment, super- 
vision of the bath, underlying causes of 
flaws in the film, commercial anodizing 
processes, methods for carrying out the 
“Eloxal” process and general surface 
treatment processes for aluminum. As 
stated in the previous review, the German 
term “Eloxal” (Electrolytische oxydierte 
Aluminium) was originally applied only 
to the method in which oxalic acid is 
used, but is now generally used for all 
Processes of anodic oxidation. 

A list of 145 British patents on anodic 
oxidation of aluminum has been appended 
by the translator. 

Although the dearth of assembled and 
Properly correlated technical information in 
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English on anodizing is not nearly so acute 
as when the German edition of this book 
appeared—an accomplishment to be credited 
in large measure to Committee B-7, 
American Society for Testing Materials— 
the translation is still to be welcomed as 
a very useful addition to our technical 
book list. During present conditions it 
should be especially useful, since anodizing 
plays such an important réle in our aircraft 
program. 


—H. S. RAWDON 


Plastics Catalog 


MODERN PLASTICS CATALOG—1941. Puxb- 
lished by Breskin Publishing Corp., New 
York, 1941. Cloth, 9% x 12 in., 476 
pages. Price $3.50. 


One has only to glance through this 
massive collection of materials, design and 
manufacturing data, both editorial and ad- 
vertising, to realize the very great and 
growing extent to which plastics compete 
with metals for a variety of relatively small 
parts. Once upon a time metal and metal- 
form producers wishfully regarded the 
plastics threat as negligible, believing that 
the synthetic materials were too weak, too 
expensive and too “small-sized’’ ever to be 
of great competitive importance. But 
today, although total steel, aluminum or 
zinc production tonnage is hardly affected 
by plastics inroads, there must be scores 
of manufacturers of stampings and die cast- 
ings who ruefully wish they still had those 
radio-set housing or camera-shell or office- 
machine part or wall-chime case or auto- 
mobile-fitting jobs that they lost to plastic 
molders last year. 

This catalog presents, among other 
things, all the photographic proof any 
skeptic could wish that plastics have fallen 
in step beside metals and that the ad- 
vanced metallurgical design engineer must 
be giving plastics a lot of his attention. 
For all such engineers, and particularly for 
those designers-in-metal who may be forced 
to shift to plastics because they can’t obtain 
the metal they want, this catalog offers a 
comprehensive record of design experience 
with plastics for many specific applications, 


plus a wealth of classified intormation on 
the production, compositions, physical 
properties, molding and fabricating, and 
applications of every type of plastic. 
Among the most useful features are the 
“Plastics Properties Chart’’ and a directory 
and buyers guide covering plastics, raw 
materials, processing equipment, molders, 
fabricators, designers, trade names, etc. 
FRED. P. PETERS 


Industrial Electrochemistry 


INDUSTRIAL ELECTROCHEMISTRY. By C. L. 
Mantell. Published by McGraw-Hill Book 
Co., New York, 1940. Cloih, 644 x 9% 
in., 656 pages. Price $5.50. 


The electrochemical industries and 
processes have developed so rapidly within 
recent years that an up-to-date book is 
highly welcomed. The author has spared 
no pains in completely revising the subject 
matter and in this respect has had the 
valuable cooperation of the industry, as is 
duly acknowledged in the preface. The 
numerous photographs, line drawings and 
comprehensive tabulations add materially 
to the elucidation of the text. 

The entire theoretical section has been 
rearranged and rewritten. Discussions of 
the historical aspects of the electrochemical 
industry have been included. As a text for 
graduate study in applied electrochemistry, 
the new book is invaluable. 

—Co.Lin G. FINK 


Pyrometry 


TEMPERATURE MEASUREMENT. By Robert 
L. Weber. Published by the author. Litho- 
printed by Edwards Brothers, Inc., Ann 
Arbor, Mich., 1941. Cloth, 8Y% x 10% 
in., 171 pages. Price $2.50. 


This book is described as presenting the 
substance of a course offered for Juniors 
by the Physics Department of the Penn- 
sylvania State College. 

In addition to temperature measurement 
and control, there are brief but sound 
treatments of heat transfer, calorimeters, 
thermal analysis, and thermodynamics. The 
author has collected, with figures and 
tables, the highlights of the recent litera- 
ture of temperature measurement. This 
makes interesting reading, but sometimes 
results in over-emphasis of minor details 
and the omission of important topics. 


The book is a satisfactory manual of 
practical pyrometry, useful both for ref- 
erence and for general reading. 

—H. W. RUuSsseL! 


Other New Books 


DANGERS AND Heattn Hazarps or Fire Gases. 
By H. J. Davis, 3927 East Admiral Pl., Tulsa, 
Okla., 1941. Paper, 6 x 9 in., 12 pages. Price 
25c. Explains which materials give off toxic or 
inflammable products of combustion while burn- 
ing, and suitable safeguards. 


CHEMICAL ANALYSIS OF ALUMINUM. 2NpD EpI- 
tion. Published by Aluminum Co. of America, 
New Kensington, Pa., 1941. Spiral-ring bind- 
ing, 5% « 8% in., 120 pages. Price 50c. 
Detailed methods are given for determining 
impurities, common alloying agents, and_ less 
common constituents in aluminum and its alloys, 
with special emphasis on methods of separation, 
solution, etc. prior to actual measurement. 
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TEMPERATURE 


Its Measurement and Control in Science and 
Industry 


Papers presented at a Symposium held at New York, 
November 2, 3, and 4, 1939. 


Modern knowledge in the field of temperature and its 
measurement is exhaustively covered in this eneyclopedic 
volume, a collection of 125 papers by eminent engineers, 
metallurgists, physicists and others. Its seope is all-in- 
elusive, ranging from the clesest possible appreach to ab- 
solute zero to the temperature of the stars. Innumerable 
methods of precision pyrometry, temperature conditions in 
oil-well drilling, high temperature ares, moltem steel py- 
rometry thermocouple alloys, instrument design—these and 
many more subjects of compelling interest make this an 
essential reference work for all who are engaged in any 
phase of temperature work. Chapters on Preeision Py- 
rometry, General Engineering, Metals and Ceramie Indus- 
tries, Optical and Radiation Pyrometry, and Thermometric 
Metals and Alloys are of especial interest te readers of 
METALS and ALLOYS. 
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By Edwin F. Cone, Editor 


Steel Casting Capacity 


The trend in the rated capacity of the American steel 
foundry industry has steadily decreased in the last 10 yrs. 
at the rate of approximately 1,000 tons per month, accord- 
ing to authoritative information. The capacity as of Jan. 1, 
i941, is put at about 110,000 net tons per month, or 
1,320,000 net tons per year. Of this 900,000 tons, or 
nearly 70 per cent, is open-hearth and 420,000 tons is 
electric. There are some signs of increased capacity being 
developed to meet the demands of the Defense Program. 


Blast Furnace Capacity 


By an extensive program of blast furnace modernization 
and enlargement, the annual capacity of the country was 
increased about 2,000,000 tons in 1940 according to the 
American Iron and Steel Institute. No new furnaces were 
completed last year though several were under construction 
for probable completion in 1941. Capacity at the close of 
1940 was 57,610,000 tons of pig iron and ferroalloys. 


More Magnesium 


The Dow Chemical Co.’s new plant at Freeport, Texas, 
for producing magnesium from seawater, already under 
production, is to be doubled in capacity. It will be financed 
by the Government. 

The American Magnesium Corp., now a subsidiary of 
the Aluminum Co. of America, has expanded its possible 
output by increasing the capacity of its present plants and 
the acquisition of new plants. 


Silver 


Pteliminary figures show that the total mine production 
of recoverable silver in the United States in 1940 was 8 
per cent in excess of that of 1939. This trend is ascribed 
to the rise in the output of copper, zinc-lead, and lead ores. 
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Pistons for Automobiles 


The placing of priorities on aluminum raises the question 
as to how automobile companies that use aluminum pistons 
will be effected—will they turn to cast iron or to a steel 
piston of the Ford type? 

The interesting thing about this is that the tooling-up 
is different for ferrous and for aluminum pistons. When a 
change is made away from aluminum, it is likely to be 
quite permanent on account of the tooling. Incidentally, 
having to go away from aluminum will increase the call for 
new machine tools, stepping from one bottleneck into 
another. 


High-Speed Steel 


The present demand for high-speed steel is at an aj 
parent yearly rate of more than 20,000 tons which co: 
trasts with the previous peak record of 14,000 tons in 192 
cays L. G. Firth, president of the Firth-Sterling Steel ¢ 
This trend is pointed to as significant when it is recall 
that improvements in tools and tooling since 1929 ha 
resulted in a great deal more production per tool. O 
explanation offered for this increase is the rapid const: 
tion of new plants. 


Consumption of Steel Scrap 


A new record in domestic consumption of American it 
and steel scrap was made in 1940—the estimated total 
about 41,000,000 gross tons, according to the Institute 
Scrap Iron and Steel, Inc. This is an increase of 26 
cent over the 32,434,000 tons melted in 1939, and exc« 
the previous high record of 38,006,000 tons in 1937. 7 
world war peak was 26,800,000 tons in 1917. Scray 
more and more a factor in iron and steel production 


Scrap 


In order to provide an adequate supply of scrap iron 
and steel for the Defense Program, steps are being taken 
by the Institute of Scrap Iron and Steel, Inc., to find means 
of quickly bringing about 5,000,000 tons from remote areas. 
This is needed so that steel mills and foundries may oper- 
ate at capacity. Current monthly rate of consumption 1s 
in excess of 4,000,000 gross tons, an all-time record, accord- 
ing to the secretary of the institute. 


lron and Steel Exports 


Because of the war, the United States was called upon 
last year to send larger quantities of steel and iron to many 
parts of the world. This trend resulted in total exports 
exceeding any previous record by about 25 per cent. The 
total pig iron, steel and ferroalloys exports were 8,720,000 
net tons last year—the previous high record was 7,049,000 
tons in 1917. 

Nearly 45 per cent of the total went to the United King- 
dom. By contrast only 6 per cent of the 1939 outgo went 
there. 


(Additional “Trends” on page 516) 
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By Edwin F, Cone, Editor 


Magnesium Castings 


Expansion in magnesium mounts rapidly. The Ford 
Motor Co. is reported building a new foundry for mag- 
nesium castings at a cost of $800,000. It is to be incor- 
porated into the present foundry building of the Rouge 
plant. Major use of the output, it is stated, will be for 
Ford production of Pratt & Whitney aircraft engines. About 
110,000 Ibs. of magnesium alloy castings a month is 
planned. There are to be 19 gas-fired melting furnaces 
varying in capacity from 100 to 2,000 Ibs. each. 


A Record in Magnesium 


The largest output of primary magnesium in the history 
of the American industry was recorded in 1940. The total 
was 12,500,000 Ibs., according to the Bureau of Mines. 
This was 87 per cent above the previous peak of 6,700,000 
lbs. in 1939. Due to expansion in capacity, the 1941 pro- 
duction will probably exceed previous totals. 


Cuts Machining Time 


A special purpose 24-ton automatic machine for roughing 
out marine engine cylinders has been built by the machine 
tool industry. Operating on six cylinders at one time, this 
new unit cuts machining time per part from 4 hrs. to 
less than 35 min, 


Tin 

United States deliveries of tin increased decidedly last 
year over 1939 or 115,497 tons as compared with 71,896 
tons. The 1938 deliveries were 50,660 tens. Deliveries 
during 1940, including tin acquired for the Emergency 
Reserve Stock, show an increase of nearly 61 per cent over 
1939 deliveries. 


New Equipment for Steel Industry 


American steel companies plan to spend more than $282.,- 
000,000 for new production equipment during 1941, to meet 
expected expansion for defense and other purposes, accord- 
ing to the American Iron and Steel Institute. The amount 
budgeted for this year brings the sum spent or about to be 
spent by the industry for new equipment since Jan. 1, 
1935, to a total of $390.000.000. 

About 40 companies are contemplating the purchase of 
new heat-treating equipment this year 


Machine Tools 


Production of machine tools for 1941 will total $750. 
000,000, an increase of $300,000,000 over 1940, says an 
announcement of the defense committee of the National 
Machine Tool Builders’ Association. This is reported as 
$100,000,000 greater than earlier preliminary estimates 
made for 1941. 


Steel Wages Higher 


Wage rates in the steel industry are now higher tha 
ever before, said T. M. Girdler in a recent address befo: 
the Engineers’ Society of Western Pennsylvania in Pitts 
burgh. They are 32 per cent over the peak levels of 1929 
Wage earners in the industry are earning almost as muc! 
in 40 hrs. per week as they earned in 1929 for 55 hrs. 


Beryllium 


Supplies of South American beryllium ore, which for 
merly went to Germany, are now available for importation 
into the United States. The result of this is an easing in 
prices and in the quantity available. 


Beryllium-Nickel Alloys 


Powder metallurgical methods have entered the beryllium- 
nickel alloy field, according to an announcement of Charles 
Hardy. Master alloys containing 10, 15 and 20 per cent of 
beryllium are said to be possible, using powders. Strip 
rolled from an alloy of beryllium and nickel containing 2 
per cent of Be is reported to have a tensile strength of 
240,000 Ibs. per sq. in. and a Rockwell hardness, as rolled, 
of C 40. 


Tin 


Stocks of tin on hand in the United States are reported 
by the Bureau of Mines as sufficient to last over 15 months; 
measures are being taken to accumulate additional reserves. 

(Other “Trends” on page 518) 
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